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ABSTRACT 
 
Spinach leaves purchased from local markets of Khartoum State in 
winter season were tested as reducing agents in culture media  (solid and 
liquid) for cultivation of anaerobic bacteria. 
In the present work, ferredoxin was extracted from the locally grown 
spinach leaves. The spinach ferredoxin was purified through the Diethyl 
amino ethyl (DEAE) – cellulose column chromatography at 4oC and 15oC 
and was sterilized by filtration. Spinach ferredoxin activity was determined 
by the absorbancy measuerment (UV. Spectrophotometer) in ultraviolet 
(UV)- visible region. 
Different concentrations of sterilized spinach ferredoxin were added 
to the Reinforced Clostridial Agar (RCA) and Reinforced Clostridial 
Medium (RCM) as substitutes for cysteine hydrochloride. The modified 
RCA and RCM media were then used for cultivation of Clostridium 
perfringens and Clostridium chauvoei strains. 
Absorbancy measurment and viable counts of some of the above 
mentioned anaerobic bacteria on spinach ferredoxin media gave better 
counts than the control media (RCA) and (RCM). The highest growth 
occurred with 1% spinach ferredoxin added to both (RCA) and (RCM). 
Moreover, spinach ferredoxin supported the anaerobic bacterial growth even 
in its lowest concentration (0.1%). Generally, some of the tested anaerobic 
bacteria produced larger colonies on media prepared from the spinach 
ferredoxin. 
The redox-potential (E0) was measured by platinum electrode during 
the growth of Clostridium chauvoei strain (Kad1) on modified RCM without 
cysteine hydrochloride +1% spinach ferredoxin, RCM (control) and RCM 
without cysteine hydrochloride or spinach ferredoxin. 
In this study, ferredoxin was extracted successfully and purified from 
Clostridium perfringens but not from Clostridium chauvoei strain (Kad1) 
using the DEAE-cellulose mini column chromatography at 4oC. 
  ﻤﻠﺨﺹ ﺍﻷﻁﺭﻭﺤﺔ
ﺘﻡ ﺸﺭﺍﺀ ﻨﺒﺎﺕ ﺍﻟﺴﺒﺎﻨﺦ ﻤﻥ ﺍﻷﺴﻭﺍﻕ ﺍﻟﻤﺤﻠﻴﺔ ﺒﻭﻻﻴﺔ ﺍﻟﺨﺭﻁﻭﻡ ﻓﻲ ﻓﺼل ﺍﻟﺸﺘﺎﺀ ﻭﺘﻡ 
  .ﻟﻨﻤﻭ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻼﻫﻭﺍﺌﻴﺔ( ﺴﺎﺌﻠﺔ ﻭﺼﻠﺒﺔ)ﺍﺨﺘﺒﺎﺭﻫﺎ ﻜﻤﺼﺩﺭ ﻤﺨﺘﺯل ﻟﻸﻭﺴﺎﻁ ﺍﻟﻤﺯﺭﻋﻴﺔ 
ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺘﻡ ﺍﺴﺘﺨﻼﺹ ﺍﻟﻔﻴﺭﻴﺩﻭﻜﺴﻴﻥ ﻤﻥ ﺃﻭﺭﺍﻕ ﻨﺒﺎﺕ ﺍﻟﺴﺒﺎﻨﺦ ﺍﻟﻤﺯﺭﻭﻉ 
ﺴﻠﻴﻠﻭﺯ ﺒﺎﻟﻌﻤﻭﺩ ﺍﻟﻜﺭﻭﻤﺎﺘﻭﻏﺭﺍﻓﻲ ﻓﻲ ﺩﺭﺠﺎﺕ ( EAED)ﻪ ﺒﻤﺎﺩﺓ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ، ﻭﺘﻤﺕ ﺘﻨﻘﻴﺘ
ﻡ ﻭﻋﻘﻡ ﺒﻭﺍﺴﻁﺔ ﺍﻟﺘﺭﺸﻴﺢ، ﺘﻡ ﻗﻴﺎﺱ ﻓﻌﺎﻟﻴﺔ ﻨﺸﺎﻁ ﻓﻴﺭﻴﺩﻭﻜﺴﻴﻥ ﺍﻟﺴﺒﺎﻨﺦ ْ51& ﻡ ْ4ﺤﺭﺍﺭﺓ 
ﺒﻭﺍﺴﻁﺔ ﻗﻴﺎﺱ ﺍﻤﺘﺼﺎﺼﻴﺔ ﺍﻷﻁﻴﺎﻑ ﺍﻟﻀﻭﺌﻴﺔ ﻓﻲ ﺍﻟﻤﻨﻁﻘﺔ ﻓﻭﻕ ﺍﻟﺒﻨﻔﺴﺠﻴﺔ ﺒﻭﺍﺴﻁﺔ ﺠﻬﺎﺯ 
   . retemotohportcepS .VU
ﻴﺭﻴﺩﻭﻜﺴﻴﻥ ﺍﻟﻤﻨﺘﺞ ﻤﻥ ﺍﻟﺴﺒﺎﻨﺦ ﺇﻟﻰ ﺍﻷﻭﺴﺎﻁ ﺍﻟﻐﺫﺍﺌﻴﺔ ﺃﻀﻴﻔﺕ ﺘﺭﺍﻜﻴﺯ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺍﻟﻔ
ﻋﺎﻤل  )edirolhcordyh enietcyCﻜﺒﺩﻴل ﻟﻤﺎﺩﺓ ( ACR & MCR)ﻟﻠﺒﻜﺘﺭﻴﺎ ﺍﻟﻼﻫﻭﺍﺌﻴﺔ 
  :ﺜﻡ ﺯﺭﻋﺕ ﻋﻠﻴﻬﺎ ﻜل ﻤﻥ( ﻤﺨﺘﺯل
   snegnirfrep muidirtsolC ﻭieovuahc muidirtsolC
ﺭﺓ ﺃﻋﻼﻩ ﺃﻥ ﺃﻅﻬﺭ ﺍﻟﻌﺩ ﺍﻟﺤﻴﻭﻱ ﻭﻗﻴﺎﺱ ﺍﻻﻤﺘﺼﺎﺼﻴﺔ ﻟﻨﻤﻭ ﺒﻌﺽ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻤﺫﻜﻭ
ﻤﻌﺩل ﻨﻤﻭ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻼﻫﻭﺍﺌﻴﺔ ﺃﻋﻠﻰ ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﻨﻤﻭ ﻫﺫﻩ ﺍﻟﺒﻜﺘﺭﻴﺎ ﻋﻠـﻰ ﺃﻭﺴـﺎﻁ 
، ﻭﻅﻬﺭ ﺃﻋﻠﻰ ﻤﻌﺩل ﻨﻤﻭ ﻓﻲ ﺍﻟﻭﺴﻁ ﺍﻟﻤﻀﺎﻑ ﺇﻟﻴﻪ ﺘﺭﻜﻴﺯ (MCR & ACR)ﺍﻟﻀﺒــﻁ 
، ﻭﺤﺘﻰ ﺍﻟﻨﺴﺒﺔ ( MCR & ACR)ﻤﻥ ﺍﻟﻔﻴﺭﻴﺩﻭﻜﺴﻴﻥ ﺍﻟﻤﻨﺘﺞ ﻤﻥ ﺍﻟﺴﺒﺎﻨﺦ ﻟﻜل ﻤﻥ % 1
 ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻼﻫﻭﺍﺌﻴﺔ، ﻋﻤﻭﻤﺎﹰ ﺒﻌﺽ ﻫﺫﻩ ﺍﻷﻨﻭﺍﻉ ﺩﻋﻤﺕ ﻨﻤﻭ ﻫﺫﻩ% 1.0ﺍﻟﻘﻠﻴﻠﺔ ﺍﻟﻤﻀﺎﻓﺔ 
ﺍﻟﻤﺫﻜﻭﺭﺓ ﺃﻋﻼﻩ ﻓﻲ ﺍﻟﺒﻜﺘﻴﺭﻴﺎ ﺍﻟﻼﻫﻭﺍﺌﻴﺔ ﺍﻟﺘﻲ ﺘﻡ ﺍﺨﺘﺒﺎﺭﻫﺎ ﻋﻠﻰ ﺍﻷﻭﺴﺎﻁ ﺍﻟﻤﻀﺎﻑ ﺇﻟﻴﻬﺎ 
ﺍﻟﻔﻴﺭﻴﺩﻭﻜﺴﻴﻥ ﺍﻟﺴﺒﺎﻨﺨﻲ ﺃﻅﻬﺭﺕ ﻤﺴﺘﻌﻤﺭﺍﺕ ﺃﻜﺒﺭ ﺤﺠﻤﺎﹰ ﻤﻥ ﺘﻠﻙ ﺍﻟﺘﻲ ﻅﻬﺭﺕ ﻋﻠﻰ ﺃﻭﺴﺎﻁ 
  .ﺍﻟﻀﺒﻁ
ﺘﻴﻨﻴﻡ ﺃﺜﻨﺎﺀ ﻨﻤﻭ ﺒﻭﺍﺴﻁﺔ ﻗﻁﺏ ﺍﻟﺒﻼ( 0E)ﺘﻡ ﻗﻴﺎﺱ ﻓﺭﻕ ﺍﻟﺠﻬﺩ ﺍﻟﻜﻬﺭﺒﻲ 
 ﺍﻟﺨﺎﻟﻴﺔ ﻤﻥ ﻤﺎﺩﺓ MCR ﻟﻜل ﻤﻥ ﺒﻴﺌﺔ 1daKﻋﺘﺭﺓ  ieovuahc muidirtsolC
ﻤﻥ ﺍﻟﻔﻴﺭﻴﺩﻭﻜﺴﻴﻥ ﺍﻟﺴﺒﺎﻨﺨﻲ، ﻭﺒﻴﺌﺔ % 1 ﻤﻀﺎﻓﺎﹰ ﺇﻟﻴﻬﺎ  edirolhcordyh enietsyC
 enietsyC ﺍﻟﺨﺎﻟﻴﺔ ﻤﻥ ﺍﻟﻔﻴﺭﻴﺩﻭﻜﺴﻴﻥ ﺍﻟﺴﺒﺎﻨﺨﻲ ﺃﻭ ﻤﺎﺩﺓ MCR ، ﻭﺒﻴﺌﺔ MCRﺍﻟﻀﺒﻁ 
ﺃﻴﻀﺎﹰ ﺍﺴﺘﺨﻼﺹ ﻭﺘﻨﻘﻴﺔ ﻤﺎﺩﺓ ﺍﻟﻔﻴﺭﻴﺩﻭﻜﺴﻴﻥ ﻤﻥ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺘﻡ . edirolhcordyh
 muidirtsolCﻭﻟﻡ ﻴﺘﻡ ﺍﺴﺘﺨﻼﺹ ﻤﺎﺩﺓ ﺍﻟﻔﻴﺭﺩﻭﻜﺴﻴﻥ ﻤﻥ   snegnirfrep  muidirtsolC
ﺴﻠﻴﻠﻭﺯ ﺒﺎﻟﻌﻤﻭﺩ ﺍﻟﻜﺭﻭﻤﺎﺘﻭﻏﺭﺍﻓﻲ ﻓﻲ ( EAED) ﺒﻭﺍﺴﻁﺔ ﻤﺎﺩﺓ 1daK ﻋﺘﺭﺓ  ieovuahc
  .ﻡ ْ4ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ 
LIST OF CONTENTS 
 
Contents Page 
Preface …………………………………………………….. I 
Dedication ……………………………………….………… II 
Aknowledgements ……………………………….………… III 
Abstract  …………………………………………………… IV 
Arabic Abstract ……………………………………………. VI 
List of contents …………………………………………….. VII 
List of Figures ……………………………………………… XII 
List of Tables ………………………………………………. XIII 
Introduction  ………………………………………………. 1 
 
CHAPTER ONE : LITERATURE REVIEW 
 
 
3 
1.1 Spinach ………………………………………………….. 3 
1.1.1 Classification of spinach ……………………………… 3 
1.1.2 Spinacia oleracea ……………………………………... 3 
1.1.3 Plant characters ……………………………………….. 4 
1.1.4 Climatic requirements ………………………………… 4 
1.1.5 Harvesting and Handling  …………………………….. 4 
1.2 Ferredoxin ………………………………………………. 5 
1.2.1 Non-heme iron protein ………………………………... 5 
1.2.2 Spinach ferredoxin ……………………………………. 8 
1.2.3 Bacterial Ferredoxin …………………………………... 9 
1.3 Redox Potential (E0) ……………………………………. 11 
1.3.1 Redox Potential of ferredoxin ………………………… 11 
1.3.2 Electron Carrier ……………………………………….. 12 
1.3.3 Measurement of Redox potentail ……………………... 15  
1.4 Column Chromatography ………………………………. 16 
1.4.1 Ion-exchange chromatography ……………………….. 17 
1.4.2 Isolation and purification of ferredoxin ………………. 18 
1.5 Composition …………………………………………….. 19 
1.6 Absorption Spectrum …………………………………… 20 
1.7 Bacterial isolates used in this study ……………………. 21  
1.7.1 Clostridium chauvoei ………………………………… 21 
1.7.1.1 The occurance ……………………………………… 21 
1.7.1.2 morphological and cultural characteristics ………… 22 
1.7.1.3 Pathogenicity ………………………………………. 22 
1.7.2 Clostridium perfringens ……………………………… 23 
1.7.2.1 The occurance ……………………………………… 23 
1.7.2.2 Morphological and cultural characteristics ………… 23 
1.7.2.3 Pathogenicity ………………………………………. 24 
 
CHAPTER TWO: MATERIAL AND METHODS 
 
 
25 
2.1 Equipment ……………………………………………… 25 
2.2 Chemicals ………………………………………………. 26 
2.3 Spinach ferredoxin ……………………………………… 26 
2.3.1 Preparation of spinach leaves ………………………… 26 
2.3.2 Preparation of spinach extraction ……………………... 26 
2.3.3 DEAE-cellulose chromatography …………………….. 27 
2.3.4 Preparation of the DEAE-cellulose resin buffers ……... 27 
2.3.5 Preparation of DEAE-cellulose resin …………………. 28 
2.3.6 Solutions DEAE-cellulose chromatography ………….. 28 
2.3.7 Preparation of the buffers …………………………….. 29 
2.3.8 Packing of the column ………………………………... 29 
2.3.9 Checking the packing resin …………………………… 30 
2.3.10 Sample application ………………………………….. 30 
2.3.11 Concentration and sterilization ……………………… 31 
2.3.12 Determination of ferredoxin ………………………… 31  
4.2 Bacterial Methods ……………………………………… 31  
2.4.1 Sterilization and Disifection …………………………. 31  
2.4.1.1 Sterilization ………………………………………… 31  
2.4.1.1.1 Hot air oven ………………………………………. 31 
2.4.1.1.2 Red heat …………………………………………... 32 
2.4.1.1.3 Direct flame ………………………………………. 32 
2.4.1.1.4 Autoclaing ………………………………………… 32 
2.4.1.15 Radiation …………………………………………... 32  
2.4.1.2 Disinfection ……………………………….………… 32  
2.4.2 Media ……………………………….………………… 32  
2.4.2.1 Solid Media ……………………………….………… 32 
2.4.2.1.1 Blood Agar ……………………………….……….. 32  
2.4.2.1.2 Reinforced Clostridial Agar (RCA, Oxoid) ………. 33 
2.4.2.2 Liquid Media ……………………………….………. 33 
2.4.2.2.1 Nutrient Broth ……………………………….…… 33 
2.4.2.2.2 Reinforced Clostridial Medium (RCM, Oxoid) ….. 33 
2.4.2.2.3 Cooked Meat Medium (CMM) …………………... 34 
2.4.2.2.4 Normal Saline buffer ……………………………… 34 
2.4.3 Staining techniques ……………………………….…... 34 
2.4.3.1 Preparation of smears ………………………………. 34  
2.4.3.2 Gram’s Stain ……………………………….……….. 35 
2.4.2.1 Effect of Spinach ferredoxin on the growth of anaerobic 
bacteria ……………………………….……. 
 
35 
2.4.4.1 Morphology and purification ………………………. 35 
2.4.4.2 Effect of Spinach ferredoxin on the growth of Clostridium 
perfringens . ……………………………. 
36 
2.4.4.2.1 Preparation of midified RCA …………………….. 36 
2.4.4.2.2 Inoculation ……………………………….………. 36 
2.4.4.2.3 Incubation of cultures ……………………………. 36 
2.4.4.2.4 Examination of cultures ………………………….. 37 
2.4.4.2.5 Preparation of modified RCM ……………………. 37 
2.4.4.2.6 Inoculation ……………………………………… 37 
2.4.4.2.7 Light microscope ……………………………….. 37 
2.4.4.3.1 Effect of Spinach ferredoxin on the growth of Clostridium 
chauvoei .……………………………….... 
 
38 
2.4.4.4 Nephelometry ……………………………….………. 38 
2.4.4.5 Viable count on different concentrations of spinach 
ferredoxin ……………………………………………... 
 
38 
2.4.4.6 Measurement of the redox potential ………………... 39 
2.4.4.6.1 Electrode ……………………………….…………. 39 
2.4.4.6.2 The culture vessel ……………………………….... 39 
2.4.4.6.3 Inoculation ……………………………………….. 40 
2.4.4.6.4 Measurement of Eo of cultures of Clostridium chauvoei 
strain (Kad1) in RCM and modified RCM ….. 
 
40 
2.5 Bacterial Ferredoxin …………………………………….. 40 
2.5.1 Organisms and growth conditions ……………………. 40 
2.5.2 Preparation of cell extracts ……………………………. 40 
2.5.3 DEAE-cellulose chromatography …………………….. 41 
2.5.4 Preparation of DEAE-cellulose resin ………………… 41 
2.5.5 Packing of the mini column …………………………... 41 
2.5.6 Sample application ……………………………………. 42 
2.5.7 Determination of bacterial ferredoxin ………………… 42 
 
CHAPTER THREE: RESULTS 
 
 
43 
3.1 Spinach leaves ………………………………………….. 43 
3.2 DEAE-cellulose chromatography ……………………… 43 
3.3 Spectral properties of Spinach ferredoxin ……………… 43 
 
3.4 The effect of spinach ferredoxin on the growth of Clostridium 
perfringens ………………………………. 
 
44 
 
3.4.1 Growth on modified Reinforced Clostridial Agar (MRCA) and 
control RCA ……………………………. 
 
44 
3.5 The effect of spinach ferredoxin on growth of Clostridium 
chauvoei strains ………………………….. 
 
45  
3.5.1 Growth on modified Reinforced Clostridial Agar (MRCA) and 
control RCA ……………………………. 
 
45 
2.5.2 Nephelometry …………………………………………. 46 
3.6 Viable count and different concentrations of spinach ferredoxin 
……………………………………………... 
 
46 
3.7 Measurement of Eo of cultures of Clostridium chauvoei (Kad1) 
in RCM and modified RCM …………………... 
 
46 
2.8 Bacterial ferredoxin …………………………………….. 46 
3.8.1 DEAE-cellulose chromatography ……………………. 46 
2.8.2 Spectral properties of bacterial ferrrdoxin ……………. 47 
 
CHAPTER FOUR : DISCUSSION 
 
 
65 
CONCLUSIONS  70 
RECOMMENDATIONS  71 
REFERENCES  72 
 
 
List of Figures 
 
Figure Page 
1.1: Iron-Sulfur cluster ……………………………………………. 9 
1.2: Low potential electron-transport chain requiring ferredoxin .… 13 
1.3: Classification of Chromatography methods ………………….. 17 
3.1: Purification of spinach ferredoxin on DEAE-cellulose column at 
4oC ………………………………….……………………... 
 
48 
3.2: Purification of spinach ferredoxin on DEAE-cellulose column at 
15oC ………………………………….……………………. 
 
49 
3.3: Crude spinach ferredoxin extracted by Sodium phosphate buffer, 
pH 6.5 ……………………………….……………….. 
 
50 
3.4:  Spinach ferredoxin extracted by Sodium phosphate buffer, pH 
6.5 ……………………………………………...…………….. 
 
51 
3.5: Crude spinach ferredoxin extracted by Potassium  phosphate 
buffer, pH 6.5 ……………………………………….……….. 
52 
 
3.6: Spinach ferredoxin extracted by Potassium phosphate buffer, pH 
6.5 ………………………………………...…………….. 
 
53 
3.7: Clostridium perfringens in Gram-stained smear from modified 
RCA without cysteine hydrochloride + 1% spinach ferredoxin  
 
54 
3.8: Clostridium perfringens in Gram-stained smear from modified 
RCA without cysteine hydrochloride + 2% spinach ferredoxin  
 
54 
3.9: Clostridium perfringens in Gram-stained smear from RCA 
(control) ……………………………………………………….. 
 
55 
3.10: Clostridium chauvoei strain (Kad1) in Gram-stained smear from 
modified RCM without cysteine hydrochloride + 1% spinach 
ferredoxin …………………………………………….. 
 
 
55 
3.11: Clostridium chauvoei strain (Kad1) in Gram-stained smear from 
RCM (control) …………………………………………... 
 
56 
3.12: Eh of Culture of  Clostridium chauvoei (kad1) grown in modified  
RCM without cysteine HCl +1% spinach ferredoxin, pH 6.8 at 
37oC ………………………….…………………….. 
 
 
57 
3.13: Eh of culture of  Clostridium chauvoei (kad1)  grown in control 
RCM (pH 6.8) at 37oC ………………….…………….. 
 
58 
3.14: Eh of culture of Clostridium chauvoei (kad1) grown in modified 
RCM without cysteine HCl or 1% spinach ferredoxin, pH 6.8 at 
37oC …………………………..…..……. 
 
 
59 
3.15: Purification of bacterial ferredoxin from C. perfringens on 
DEAE-cellulose mini column at 4oC …………………………. 
 
60 
3.16: Bacterial ferredoxin from Clostridium perfringens extracted by 
cold distilled water…………………………………………. 
 
61 
3.17: Failure of detection of ferredoxin  from Clostridium chauvoei 
strain (Kad1) extracted by cold distilled water………………… 
 
62 
3.18: Growth rate of Clostridium chauvoei strains and Clostrdium 
perfringens in modified RCM  and RCM for 24 hours  at 370C 
………………………………………………………….. 
 
 
63 
 
List of Tables 
 
Table 
 
Page 
3.1: Growth rate of Clostridium chauvoei (Kad1) in 
modified RCM and control RCM after 24hrs 
 
64 
incubation at 370C .. 
 
3.2: Growth rate of Clostridium perfringens in 
modified RCM and RCM (control) after 24 hrs 
incubation at 37oC 
 
 
64 
 
Introduction 
 
Spinach ferredoxin is an iron-containing protein, localized in 
chloroplasts, which is the most reducing constituent isolated from the 
photosynthetic apparatus of green plants. 
The redox potential of spinach ferredoxin was found to be some what 
more electronegative ( E0 = – 432 mV at pH 7.55 ) and that of Clostridium 
pasteurianum is – 417 mV at pH 7.55 (Tagawa and Arnon, 1962).  
Ferredoxin functions as an electron mediating catalyst for the 
biological production or utilization of hydrogen gas by bacteria (Akashi et 
al., 2000; Faro et al., 2002; Mortenson et al., 1962 and Valentine and Wolfe, 
1963). A related compound has been isolated from spinach leaves and 
functions in photosynthesis as an electron-trapping agent for the electrons 
activated by light during the photochemical act in leaf (Tagawa and Arnon, 
1962 and Bassllam, 1963).  
Methods of isolation and purification of ferredoxin have been 
described by several authors (Shin, 2004; Morigasaki, 1989; Mortenson, 
1961; Mortenson et al., 1962; Tagawa and Arnon, 1962; Buchanan et al., 
1963and Lovenberg et al., 1963). All workers made use of specific 
absorption of ferredoxin on deithyl amino ethyl (DEAE)-cellulose columns 
for their purification schemes. Ferredoxin is readily separated from most 
cellular proteins and is isolated as a coffee colored band adhering at the top 
of a column of DEAE-cellulose. 
The absorption spectrum of reduced spinach ferredoxin has a marked 
peak in the ultraviolet region at 267nm, a shoulder at 312nm and abroad 
shoulder between 450 and 470nm. In oxidized form, absorption peaks were 
observed at 463, 420, 325 and 274nm.(Uyede and Rabinowitz, 1971; 
Tagawa and Arnon, 1962 and Valentine, 1964). 
The electrode – potential indicates the state of dynamic equilibrium of 
the culture between the activity of cellular enzymes and the constituent of 
the medium. Platinum electrodes react to oxygen, hydrogen and all available 
redox systems (El Sanousi, 1975). 
       In the present study, some of locally spinach leaves will be collected 
from local markets and will be assessed as sources of reducing agent in 
anaerobic media (liquid, solid) and evaluting the importance of spinach-
ferredoxin as reducing agent, with special reference to its redox potential. 
Objectives: 
This study is targeted to : 
1. Isolation and purification of spinach ferredoxin from local spinach 
leaves. 
2. Development and evalution of culture media (liquid and solid) derived 
from spinach leaves. 
3. Assessment of growth of anaerobic bacteria on spinach ferredoxin 
media. 
4. Determination of the Eh of spinach ferredoxin during the growth of 
anaerobic bacteria. 
5. Evaluate the importance of spinach ferredoxin as reducing agent in 
liquid and solid anaerobic media; since it is more avialable in 
developing countries, non-toxic for lower and higher lives and non- 
pyrogenic when compared with cysteine hydrochoride. 
 
 
 
Chapter One 
LITERATURE REVIEW 
1.1 Spinach  
1.1.1 Classification of Spinach 
Family: Chenopodiacea  
Genus: Spinacia  
Species: oleracea  
( Thompson and Kelly, 1957). 
1.1.2 Spinacia oleracea : 
Spinach (Spinacia oleracea) leaves, containing several active comp-
onents, including flavonoids, exhibit antioxidative, antiproliferative and anti-
inflammatory  properties in biological system. Spinach extracts have been 
demonstrated to exert numerous beneficial effects, such as chemo-and 
central nervous system protection and anticancer and antiaging functions. A 
powerful, water-solube, natural antioxidant mixture (NAO), which 
specifically inhibits the lipoxygenase enzyme, was isolated from Spinach 
leaves. The antioxidative activity of NAO has been compared to that of other 
known antioxidants and found to be superior in vitro and vivo to that of 
green tea, N-acetylcysteine (NAC), butylated hydroxytoluene (BHT), and 
vitamin E. NAO has been tested for safety and is well tolerated in several 
species, such as mice, rats and rabbits. NAO has been found to be 
nonmutagenic and has shown promising anticarcinogenic effects in 
experimental models, such as skin and prostate cancer; it has not shown any 
traget-organ toxicity or side effects (Lominitski et al., 2003).  
Spinach is used both as cooked or green as a raw ingredient in salads. 
It contains a high level of vitamins and minerals, particulary vitamin A and 
contains appreciable quantities of ascorbic acid, riboflavin, and small 
quantity of thiamine. It is also rich in iron: 3.1mg, phosphorous 51mg, 
sodium 71mg, potassium 470mg, calcium 93mg, but the calcium is said to 
be unavailable owing to the fact that it unites with oxalic acid to form 
calcium oxalate. Also it has a moderate level of protein 3.2g, water 91%, fat 
0.3g and carbohydrate 43g. This was expressed per 100g sample (Thompson 
and Kelly, 1957). 
1.1.3 Plant characters: 
The spinach plant, soon after germination, develops a rosette of leaves 
from a much. Shortened stem near surface of the ground. When the plant 
reaches a certain size, under favourable conditions, the stem begins to 
elongate and lateral branches arise from the axils of rosette leaves. 
Secondary lateral branches arise from the axils of both centeral and lateral 
stems. The flower clusters are borne axially on both larger stems and on the 
smaller branches (Thompson and Kelly, 1957). 
1.1.4 Climatic requirements: 
Spinach thrives best during relatively cool weather and will withstand 
freezing better than most vegetable-crop plants. In regions having mild 
winters the crop is grown mostly during the winter and early spring, while in 
other regions it is grown both as a spring and fall crop. Spinach does not do 
well during hot weather; the length of day has a market effect on its 
development (Thompson and Kelly, 1957). 
1.1.5 Harvesting and Handling: 
Spinach may be harvested from the time the plants have 5 or 6 leaves 
until just before the seedstalks develop. A larger yield is obtained when the 
plants are allowed to develop to full size than when harvested while they are 
small. They should be harvested before the seedstalk develops. Spinach is 
cut off about an inch above the soil surface. It is best not to cut the plants 
immediately after a rain or heavy ice because the leaves are crispy and break 
easily when wet. Yellow and diseased leaves should be removed and the 
product handled carefully to prevent bruising or breaking the leaves and 
stems. Spinach is packed for shipment in refrigerator cars. As a rule the 
quantity of ice placed in the container is about equal to the weight of the 
spinach. (Thompson and Kelly, 1957). 
1.2 Feredoxin: 
1.2.1 Non-heme iron protein: 
Ferredoxin, a non heme iron-containing protein was isolated from 
either plants, algae or photosynthetic bacteria. It has been subsequently 
found in many anaerobic but not in aerobic or facultative organisms 
(Mortenson et al., 1962). 
Historically the word " Ferredoxin " was coined by D.C. Wharton of 
the Du pont biochemistry group, and applied to the iron protein first 
obtained from Clostridium pasteurianum (Mortenson et al., 1962). Also 
compounds from a variety of bacteria and photosynthetic tissue have since 
been called ferredoxin. 
Most but not all of the proteins in non-heme iron protein group are 
iron sulfur proteins. The recommendation for the nomenclature of  iron-
sulfur proteins were first formulated in 1971 and revised in 1978 
(Nomenclature Committee of IUB, 1978). Since that time a number of major 
contributions to the field had reported structure determination by X-ray 
crystallography, elaboration of a series of model compounds, and the 
discovery of novel examples of these proteins. However, in order to comply 
with the established rules for the nomenclature of inorganic compounds 
(International Union of pure and Applied Chemistry, 1970). It was decided 
in 1973 to make some changes from usage in the biochemical literature to 
that developed in early 1970. 
The term “High – potential iron-sulfur protein”  (abbreviated HiPlP), 
was continued to be used for original iron-sulfur proteins of photosynthetic 
bacteria that had been given this initially. Otherwise, used of the term 'HiPlP' 
or 'High-potential Fe-S protein' is discouraged. There are ferredoxins 
occurring naturally at the oxidation level of oxidized and reduced spinach 
ferredoxin that have oxidation-reduction potentials as high original HiPlP of 
bacteria, thus ferredoxins with usual oxidation level and magnetic properties 
may have high mid point potentials (Leigh et al., 1975). The magnetic 
properties differ because the Fe-S clusters may assume three different 
oxidation level (Carter et al., 1972). The term ' Iron – sulfur proteins ' refers 
only to those proteins in which a non-heme iron is ligated with inorganic 
sulfur or cysteine sulfur. 
Proteins containing iron could be divided into three groups: Heme 
proteins, Iron – sulfur proteins and other iron-containing protein 
(Nomenclature Committee of IUB, 1978). (Scheme–1) 
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1.2.2 Spinach Ferredoxin: 
 Isolated chloroplasts from green leaves of higher plants have the 
capacity for evolving oxygen in the light with concomitant reduction of 
added electron acceptors. Among these electron acceptors, several naturally 
occurring substances such as heme proteins and pyridine nucleotides are 
reduced by the illuminated chloroplasts only on addition of a protein catalyst 
originally present in green leaves (Katoh and Takamiya, 1963). In 1952, 
Davenport, reported the presence, in leaves, of a soluble protein active in the 
catalyzing the photochemical reduction of several heme proteins in the 
presence of chloroplasts. They proposed the name "methemoglobin reducing 
factor " for this protein. On the other hand, San pietro and lang first reported 
in 1958 that photochemical reduction of pyridine nucleotide by Spinach 
chloroplasts occurred in an appreciable amount if the reaction system was 
provided with a soluble extract of chloroplasts. The fact that the chloroplast 
extract is necessary for the Hill reaction, with nicotinamide adenine 
dinucleotide phosphate (NADP) as oxidant was also recognized by Arnon et 
al., (1957). Later, San pietro and Lang (1958) succeeded in isolating and 
partially purifying the active protein from the choloroplasts of green leaves 
and named it "Photosynthetic pyridine nucleotide reductase" (PPNR). 
Chloroplast ferredoxin or Spinach ferredoxin appears to be the same 
as the substance which has been previously reported in various degrees of 
purity and with partial recognition of its properties under such names as the 
triphospho pyridine nucleotide (TPN) reducing factor (Arnon , 1957), heme 
protein reducing factor (Daven port et al., 1952). The Spinach ferredoxin 
which is isolated from Spinach leaves is an iron-containing protein, localized 
in chloroplasts, which is the most electronegative electron carrier (E0= – 432 
mV, at pH 7.55) in cellular oxidation-reduction reactions and is the most 
reducing constituent isolated thus far from the photosynthetic apparatus of 
green plants or photosynthetic bacteria (Tagawa and Arnon, 1962). 
Ferredoxins are iron-sulfur proteins that mediate electeon transfer in a 
range of metabolic reactions; they fall into several subgroups according to 
the nature of their iron sulfur cluster (Otaka and Oai, 1989). One group, 
originally found in the chloroplast membranes, has been termed" Chloroplast 
type" or "Plant–type". Ferredoxin is small (11-KDa), soluble, acidic protein 
distributed in plants, algae and cyanobacteria. This protein contains a single 
[2Fe – 2s] cluster (Akashi et al., 2000). The active center is [Fe2 S2] cluster, 
are tetrahydrayll coordinated both by inorganic sulfur and by sulfur provided 
by four conserved cysteine residues (Rypniewski et al., 1991). This is shown 
in  Fig (1) : 
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Fig. (1.1): Iron-Sulfur Cluster 
 
Plant – type ferredoxin, a [2Fe – 2S] iron – sulfur protein, functions as 
an one electron donor to ferredoxin – NADP+ reductase (FNR) or sulfite 
reductase (SiR), interacting electrosatically with them (Akashi et al., 2000). 
1.2.3 Bacterial Ferredoxin: 
Ferredoxin has wide spread occurrence among bacteria and algae. The 
role played by it depends upon the type of organism and its physiological 
condition. For the saccharolytic, strictly anaerobic clostridia, hydrogen 
evolution produced from the oxidative breakdown of carbohydrates, protons 
can thus serve as the terminal electron acceptors. In the past two decades 
much effort had been made to purify ferredoxin from different types of 
micro-organisms. However, only limited success was achieved in most of 
the cases. The two major problems were extreme oxygen sensitivity of the 
ferredoxin and the association of this ferredoxin with the particulate fraction 
in cell-free preparations from many organisms (Chen and Mortenson, 1974). 
Bacterial ferredoxin was isolated from Clostridium pasteurianum by 
Mortenson, Valentine and Carnahan (1962). Amber–colored extracts of 
Clostridium pasteurianum has yielded a new biological electron carrier. This 
brown iron – containing protein was named "Ferredoxin" by members of the 
Du Pont biochemistry group who discovered it (Mortenson et al., 1962). 
One of its function is to couple pyruvate dehydrogenase with hydrogenase in 
formation of H2 from pyruvic acid by the clostridial phosphoclastic reaction. 
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The new factor, which at the present stage contains iron but no 
detectable heme or flavain, has been named "Ferredoxin" (Mortenson et al., 
1962). Experimental results by several investigators have pointed the 
possibility of an unknown electron carrier in the pyruvate metabolism of 
saccharolytic clostridia. Thus, the reaction rate was strongly increased by 
furacin in preparation of Clostridium pasteurianum (Wolfe and O'kane, 
1953), and by methyl viologen in preparation of Clostridium pasteurianum 
(Valentine et al., 1963). Also Clostridium butyricum preparations that had 
lost activity for pyruvate oxidation as a result of treatments with 2 – 
propanol were reactivated adding methyl viologen (Mortlock et al., 1959). 
Partially purified preparations of hydrogenase from Clostridium butyricum 
did not catalyze H2 formation in aqueous Na2S2O4 unless methyl viologen 
was added (Peck and Gest, 1955). Natural electron carriers were not found 
to substitute for methyl viologen in these system. Valentine and Wolfe 
(1963) had reported that ferredoxin is also nessary for hydrogen formation in 
the fermentation of xanthine by Microccus lactilyticus. Tagawa and Arnon 
(1962) subsequently crystallized Clostridium Pasteurianum ferredoxin and 
found it to have a molecular weight of about 12000, and 10 atoms of iron per 
molecule. Ferredoxin from Clostridium pasteurianum has a redox potential ( 
E0 ) of        – 417mV at pH 7.55 (Tagawa and Arnon, 1962). Ferredoxin 
functions as an electron mediating catalyst for the biological production or 
utilization of hydrogen gas by bacteria (Akashi et al., 2000; Faro et al., 
2002; Mortenson et al., 1962 and Valentine and Wolfe, 1963). A related 
compound has been isolated from spinach leaves and functions in 
photosynthesis as an electron-trapping agent for the electrons activated light 
energy during the photochemical act in the leaf (Tagawa and Arnon, 1962 
and Bassllam, 1963). 
1.3 Redox Potential (E0) 
1.3.1 Redox potential of ferredoxin  
Oxidation-reduction systems play such an intimate and essential part 
of living organisms that life its self might be defined as a continuous 
oxidation-reduction reaction. Both the oxidation-reduction potential (ORP), 
or Eh and pH play critical roles in metabolic process (El Sanousi, 1975). The 
processes of oxidation in living cells were catalysed by the cooperation of a 
number of enzyme and coenzymes that transfer reducing equivalents, either 
hydrogen atoms or electrons, in successive steps from an initial donor to 
final acceptor (International Union of Biochemistry, 1984). 
         Spinach Ferredoxin is the most electronegative electron carrier(E0= –
432 mV, at pH 7.55) in cellular oxidation-reductions, also it is the most 
reducing constituent of the photosynthetic apparatus which has been isolated 
so far from either plants or photosynthesis bacteria. It functions normally in 
photosynthesis as an electron carrier which transfers electrons released in the 
primary photochemical act to pyridine nucleotide. Under special 
experimental conditions, which included the addition of bacterial 
hydrogenase. The ferredoxin (iron-protein) is found to be capable of: 
mediating, in the dark, a reduction of pyridine nucleotide by chloroplasts (or 
more specifically, by a flavoprotein fraction of chloroplasts) with hydrogen 
gas as the electron donor; mediating in the light, a production of hydrogen 
gas by chloroplasts with a scorbate or cysteine, as the electron donor; and 
mediating in the dark, the production of hydrogen with sodium dithionite as 
the electron donor. The chloroplast iron-protein appears to be similar to, but 
not identical with, the iron protein from bacterial cells. Ferredoxin, which 
was first isolated by Mortenson et al. (1962) from Clostridium pasteurianum 
and show to act as a link between its hydrogenase and different electron 
donors and acceptor. Valentine et al. (1962) had described the participation 
of ferredoxin in hydrogen metabolism of Microccus lactilyticus.  
Bacterial ferredoxin has the unique property of being the most 
electronegative carrier yet found in the oxidation reduction chain in bacteria. 
Ferredoxin from Clostridium pasteurianum has a redox potential (E0) of  –
417 mV at pH 7.55 (Tagawa and Arnon, 1962). 
1.3.2 Electron Carrier: 
         Ferredoxin serves as an oxidation-reduction catalyst transfering 
electrons from low potential donors to electron-accepting compounds such 
as pyridine nucleotides. A generalized low-potential electron transport chain 
involving ferredoxin is shown in fig (1.2). 
In this scheme, electrons from an electron donor such as pyruvic acid 
(represented by XH) are passed to oxidized ferredoxin with the aid of 
specific dehydrogenase (A). Oxidized ferredoxin (dark brown in colour) is 
converted to reduced ferredoxin (colourless ) during the reaction. Colourless 
ferredoxin donates its electron to next member of the chain (Y). Intraction of 
colourless ferredoxin and Y (again aspecific reductase (B) is required) yield 
reduced Y (YH) and oxidized ferredoxin. In this manner, electrons flow 
from the electron donor to ferredoxin an then to acceptor (Valentine, 1964). 
 
 
 
 
 
 
 
 
 
Fig (1.2) : Low potential electron-transport chain requiring ferredoxin 
In a similar manner, many hydrogen-producing bacteria oxidizes 
ferredoxin by the hydrogenase reaction and evolve large quantities of 
hydrogen gas (Mortenson, 1962 and Valentine et al., 1963). In addition to its 
role in biological hydrogen-evolving reactions in which hydrogen gas or 
pyruvate serves as reductant of synthesis of cellular constituents, one of the 
most important of these is N2 fixation. Mortrnson (1961), suggested that 
ferredoxin functions as an electron transport coenzyme for the nitrogen 
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reductase system (nitrogenase) perhaps mediating electrons directly to 
nitrogen reductase. Ferredoxin also mediates the reduction of nitrite ion to 
ammonia, an important reaction in the nitrogen cycle of plants (Akashi et al., 
2000; Gest, 1954; Losada et al., 1963; Valentine and Wolfe, 1963 and 
Valentine, 1964).  
In chloroplasts, this type of ferredoxin mediates one electron transfer 
from photosystem to several ferredoxin – dependent enzymes, which 
function in photosynthetic metabolism, such as ferredoxin – NADP+ 
reductase (FNR), which is involved in the process of carbon assimilation; 
nitrite reductase and glutamate synthetase, which are involved in nitrogen 
assimilation; sulfite reductase (SiR), which is involved in sulfur assimilation 
and ferredoxin – thioredoxin reductase, which is involved in redox 
regulation of several enzymes. Ferredoxin and each ferredoxin – dependent 
enzyme from a 1:1 protein – protein complex and this specific interaction is 
considered to be an important factor for efficient electron transfer between 
the two protein (Akashi et al., 2000 and Faro et al., 2002). These sites 
involved in the interaction between ferredoxin and its complementary 
electron transfer partners have been studied in several laboratories, although 
the actual geometry of the complex has not been established. Among the 
physical and chemical forces involved in protein interactions, such as 
hydrophobic packing interaction, electrostatic forces and hydrogen bonding, 
several lines of evidence from chemical modification experiments, 
crosslinking experiments and computer modeling studies indicate that the 
complex is mainly formed as a result of electrostatic forces through the 
negative charges of ferredoxin and the positive charges of each enzyme. 
Ionic strength affects the transient kinetices of electron transfer from 
ferredoxin to ferredoxin – dependent enzymes also indicating that 
complementary electrostatic charges influence complex formation (Akashi et 
al., 2000). 
Among the bacteria, the clostridia possess a highly developed system 
for low-potential transport. Gest, (1954) earlier recognized the value of the 
clostridial system for studies on low-potential transport, as evidenced by his 
generalization concerning the photoproduction of hydrogen (H2) by photosy-
nthetic bacteria and H2 production by clostridia (Valentine, 1964). 
Metronidazole is an artificial electron acceptors chemically reduced 
by ferredoxin, also the carbon monoxide (CO) dehydrogenase complex 
alone did not reduce metronidazole; however, the ferredoxin from 
Methanosarcina thermophila coupled CO oxidation by CO dehydrogease 
complex to the reduction of metronidazole (Terlesky and Ferry, 1988). Thus, 
this may aid in the future understanding of bactericidal mechanism of action 
of this drug when used in clinical situations (Lockerby et al., 1984). 
1.3.3 Measurement of Redox potential: 
The measuring electrode must be inert, and it must not take part in the 
reaction of the redox system, but acts only as an inert electron conductor to 
or from the system. Several different types of electrodes have been used: 
(i) Platinum: plain bright platinum foil or wire has been used by most 
workers in this field, platinum electrode is recommended to meaure 
redox-potential accurately, and to obtain a fast response in redox-
potential as a function of oxgen pressure. 
(ii) Gold: gold wire electrodes did not give as reproducible values as 
platinum electrode. 
(iii) Iridium: iridium electrodes similar in many respects to platinum. 
(iv) Tungesten: tungesten electrodes were found unsuitable. 
(v) Graphite: graphite electrodes were found quite useless, and pure 
graphite electrodes had to be replaced after each experiment. 
(vi) Mercury: mercury electrodes give values differing from those 
obtained with platinum in many cases. 
(vii) Palladium: palladium electrodes were preferred to gold or platinum 
electrodes for investigating hydrogen peroxide solutions. 
(viii) Others: also used rhotaniumalloy, burnt-on platinum, and amalgam-
ated burn-on platinum electrodes in dye systems, and found general 
agreement with other electrodes. 
In recent years, almost all workers in this field have preferred platinum 
electrodes because they are most readily repaired and cleaned, and yield 
steady reproducible readings. (El Sanousi, 1975). 
1.4 Column Chromatography: 
One of the problems continually facing biochemists is the separation 
and purification of one or more biological compounds from a mixture of 
such compounds. One of the most convenient methods for achieving such 
separations is the use of chromatographic techniques. Such techniques can 
be used for separations of large amounts (several grammes) or small 
amounts (Picogramme quantities) of the materials. 
 In any chromatographic situation, the components to be separated are 
distributed between two phases. One of the phases is a stationary bed of 
large surface area (The stationary phase), whilst the other passes through or 
along the stationary phase is known as the mobile phase. The mobile phase 
carries along with it the mixture of solutes to be separated and could be 
either liquid or gaseous. The stationary phase can be either a solid or a 
liquid. With these two possibilities for each phase, overall four basic types 
of chromatography are possible and all these have been well exploited. 
Aschematic representation of the various chromatographic methods based on 
this theoretical classi-fication is given in Fig.(1.3). The selection of a 
particular form of chromat-ography to achieve a separation is depent on the 
material to be isolated. (Suleiman, 1995). 
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Fig (1.3): Classification of  Chromatography methods. 
 
1.4.1 Ion-exchange Chromatography:  
Ion exchange chromatography is a separation technique used for 
purification or analysis of molecules based on their charge such as proteins 
and immunoglobulins. The method can be used to separate charged 
molecules from uncharged ones, or it can separate molecules of different 
charges from one another. 
        Proteins are bound electrostatically onto anion-exchange matrix bearing 
an opposite charge. The degree to which a protein binds depends upon its 
charge density. Protein are then eluted differentially by: Increasing the ionic 
strength of the medium. As the concentration of buffer ions is increased they 
compete with the proteins for the charged groups upon the ion-exchanger. 
Alteration of the pH, as the pH of the buffer approaches isoelectric point of 
each protein, the net charge becomes zero and so the protein no longer binds 
to the ion-exchanger. The charged resin can be of two types: cation 
exchangers or anion exchangers. The cation exchangers such as carboxy 
methyl (CM)-cellulose binds positively charged molecules, and anion exch-
angers such as Diethyl amino ethyl (DEAE)-cellulose binds negative ones. 
(Hudson and Hay, 1989). 
1.4.2  Isolation and purification of ferredoxin: 
Preparation of ferredoxin are easily made from cells of several 
different species of bacteria (Lockerby, 1984; Mortenson, 1961; Mortenson 
et al., 1962; Tagawa and Arnon, 1962; Buchanan et al., 1963 and Lovenberg 
et al., 1963). A common starting material is a water extract of Clostridium 
pasteurianum (Mortenson et al., 1962; Tagawa and Arnon, 1962). For large 
scale preparations it is more convenient to purify spinach ferrredoxin not 
from isolated chloroplasts but from an extract of an acetone precipitate of a 
Waring blender homogenate of whole leaves (Shin, 2004 and Morigasaki, 
1989). The dialysis (against water) extract, supplemented with a 1/100 
volume of 0.7N tris-hydrochloric acid buffer, pH 7.3, and solid sodium 
chloride to bring the concentration up to 0.2N, should be adjusted to the 
some diethyl amino ethyl (DEAE)-cellulose absorption, eluent and 
chromatography led to crystalline clostridial ferredoxin (Tagawa and Arnon, 
1962). 
Methods of purification and crystallization of ferredoxin have been 
described by several authors (Shin, 2004; Mortenson, 1961; Mortenson et 
al., 1962; Tagawa and Arnon, 1962; Buchanan et al., 1963 and Lovenberg et 
al., 1963). All workers made use of the specific absorption of ferredoxin on 
diethyl amino ethyl (DAEA) cellulose columns for their purification 
schemes. Ferredoxin is readily separated from most cellular proteins and is 
isolated as a coffee colored band adhering to the top of a column of DEAE-
cellulose. 
Purification of ferredoxin by DEAE-cellulose and sephadex column 
chromatography and ammonium sulphate fraction yields a highly purified 
form of crystalline ferredoxin which appear as a fine brown needles or 
rosettes (Valentine, 1964). 
Spinach ferredoxin like clostridium ferredoxin, is very rapidly 
oxidized by tarces of oxygen, and strict anaerobicity is therefore required for 
recording its absorption spectrum, the reduction is carried out in 
atomosphere of hydrogen in the presence of clostridium hydrogenase 
(Tagawa and Arnon, 1962). 
The preliminary analysis of Spinach ferredoxin showing a relatively 
high iron content (0.815%). The ratio of ferredoxin to chlorophlly is about 
1:400. The same ratio is obtained whether the determination is made on 
whole leaf material or isolated whole chloroplasts. This shows that 
ferredoxin is localized in chloroplasts. An elemental analysis gave, in 
percent, C:43.47; N:14.15; H2:6.32 and ash residue of 3.5 (Tagawa and 
Arnon, 1962). 
1.5 Composition: 
 Ferredoxin was first crystallized by Tagawa and Arnon, (1962). They 
found a ppoximately 10 atoms of iron per 12000 molecular weight. 
Crystalline ferredoxin contains approximately 5 molecules of “Labile 
Sulfide” (H2S released upon acidification) and 5 molecules of non heme iron 
(Fe++) per each 6000 molecules weight units (Lovenberg et al., 1963). Iron 
and labile sulfide have been found associated with spinach ferredoxin 
preparations. This indicates that the general occurrence of iron and sulfide in 
ferredoxin from different sources is the same (Katoh et al., 1963). Both plant 
and bacterial ferredoxin contain none heme iron. Plant ferredoxin contains 
none cysteine sulfur that is liberated as H2S upon acidification of the protein 
(Tagawa and Arnon, 1962 and Lovenberg et al., 1963). Comparison of 
various chaloroplast-type ferredoxin sequences, chemical and enzymic 
modifications and fluor-escence measurement of chloroplast-type ferredoxin 
have led to the following conclusions: Tyrosine, histidine and tryptophan 
residues are not directly involed in oxidation-reduction mechanism of 
ferredoxins. Spinach ferredoxin was digested with carboxypeptidase-A and 
the terminal alanine could be removed without loss of the spectral properties 
of native ferredoxin (Matusbara et al., 1976). 
The amino acids composition of crystalline ferredoxin from C. 
pasteur-ianum, C. acidiurici, C. butyricum, C. tetanomorphum and C. 
cylindrosporum closely resemble each other in amino acids composition. All 
contain a single basic amino acids, with exception of C.butyricum which 
contains no basic amino acids. None of clostridial ferredoxin examined 
contains the amino acids histidine, methionine or tryptophan. Clostridium 
pasteurianum ferredoxin contains no arginine, where as lysine and 
phenylalanine are absent from C.acidiurici ferredoxin ( Lovenberg, 1963). 
1.6 Absorption Spectrum: 
 The absorption spectrum of the purified ferredoxin from C.acidiurici 
is shown with maximum absorption at 278nm and abroad absorption band in 
the region of 400nm. The latter absorption, is bleached when reacted with 
pyruvate and CoA. Unlike other iron sulfur proteins with intrinsic enzymic 
activity, however, the enzyme lacks riboflavin as indicated by direct 
microbiological assay and absorption spectrum characteristic of these 
complexes (Uyeda and Rabinowitz, 1971).  
         Ferredoxin from five clostridial species has essentially the same 
catalytic and chemical properties. This includes a maximal light absorption 
at 390nm. The 390nm peak is essentially abolished when ferredoxin is 
reduced (Tagawa and Arnon, 1962). Crystalline preparation of ferredoxin 
from C.pasteurianum, C.tetanomorphum,C.cylindrosporum,C.acidiurici and 
C.butyricum exhibited distinct species-specific absorption in the ultraviolet 
regions of 280 to 300nm. However, the differences in the ultraviolet 
absorption spectra are consistently characteristic of the source of the 
ferredoxin and were costant on repeated recrystallization or may reflect the 
differences in chemical composition among the compounds; however, they 
may also be a reflection of partial degradation of the proteins due to their 
variable stability. The ratios of the absorbencies at 280/390nm were 0.78 , 
0.81 and 0.77 and the ratio of the absorbencies at 280/260nm were 1.1 , 1.2 
and 1.1 for C.pasteurianum, C.acidiurici and C.butyricum ferredoxin 
respectively  (Lovenberg et al., 1963).  
 The absorption spectrum of spinach ferrdoxin showed both 
similarities with and differences from the absorption spectrum of clostridial 
ferredoxin. The most market similarities are the pronounced absorption 
peaks around 260nm in the reduced form and difference peak (oxidized 
minus reduced) around 415nm (Tagawa and Aron, 1962). The absorption 
spectrum of reduced spinach ferredoxin has a market peak in the ultraviolet 
region at 267nm, a shoulder at 312nm and abroad shoulder between 450 and 
470nm. In oxidized form absorption peaks were observed at 463 , 420 , 325 
and 274nm (Valentine, 1964). 
1.7 Bacterial isolates used in this study: 
1.7.1 Clostridium chauvoei: 
1.7.1.1 The occurance: 
Clostridium chauvoei is wide  spread, but is more prevalent in certain 
geographic areas. It is found in the intestine and in normal tissues of some 
animals, including the livers of some apparently normal dogs and cattle. It is 
not as common in the soil as some other clostridia (Carter et al., 1986). 
 
1.7.1.2 Morphological and cultural characteristics: 
 Clostridium chauvoei is rod-shapped with rounded ends 0.5 – 1.7 X 
1.6 – 6.7 µ m and occurs singly or in pair, sometimes it develops a variety of 
pleomorphic form. Clostridium chauvoei strains are Gram-positive in tissue 
and fresh cultures but has a tendency to stain Gram-negative when sub-
cultured on laboratory media. It is non capsulated, possesses peritrichous 
flagella. Occasionally non motile varians do occur. Spores are oval, central 
to subterminal and swell the cell. Sporulation occurs readily both in the 
broth and on solid media. Surface colonies on blood agar plates are β–
hemolytic, 0.5-3mm in diameter, circular, low convex or raised, translucent 
to opaque, granular, shiny or dull, smooth, and have entire to erose margins. 
Cultures in broth are turbid with a smooth sediment and have a pH of 5.0 – 
5.4 after incubation for 4days. The optimum temperature for growth is 370C. 
Clostridium chauvoei ferment glucose, lactose, sucrose and maltose with 
acid and gas. But most strains do not ferment salicin and mannitol ( Sneath, 
1986). 
1.7.1.3 Pathogenicity: 
Clostridium chauvoei is the causative agent of blackleg disease in the 
sheep and cattle (Mohamed and El Sanousi, 1986). Blackleg disease is 
endemic in the Sudan affecting cattle under 4 years of age, the disease is 
sporadic and was believed to occur mostly in rainy seasons. Clostridium 
chauvoei strains were isolated from the disease outbreaks in different part of 
the Sudan (Musa et al., 1998). The blackleg lesion is not always easy to find; 
there may be a bacteremia dry, dark, gas bubbles and rancid odour (Carter et 
al., 1986). 
 
 
1.7.2 Clostridium perfringens : 
1.7.2.1 The occurance: 
Clostridium perfringens, type A is probably more wide spread than 
any other potentially pathogenic bacterium. It is present in air, soil, dust, and 
manure and in water lakes and rivers. It has been isolated from vegetables, 
milk, cheese, canned food, fresh meat and shell fish. It is constantly present 
in the intestinal contents of humans and animals and in their environment. 
Types B,C, D and E strains are found less commonly in the intestinal tracts 
of animals. (Carter et al., 1986).  
1.7.2.2 Morphology and cultural characteristics: 
      Gram-positive rods with round ends, the cell measures 2– 4 µ m X 
0.8 –1.5 µ m, non-motile, forms spore but does not sporulate on ordinary 
media. Spores are oval, subterminal or centeral and do not bulge out of the 
cell. A capsule is not visible (Sneath et al., 1986). 
       It is anaerobe organism, but can also grow under microaerophilic 
conditions. Oxygen is not actively toxic to the bacillus and cultures do not 
die on exposure to air (aerotolerance). The optimum pH of the medium is 6.0 
– 8.0. C.perfringens usually grown at 370C, a temperature of 450C is optimal 
for many strains, the generation time at this temperature may be as ten 
minutes. This property can be utililised for obtaining pure culture of C. 
perfringens. Good growth occurs in Robertson's cooked meat medium. The 
meat is turned pink, but is not digested. The culture has an acid reaction and 
sour odour. After overnight incubation anaerobically on rabbit, sheep or 
human blood agar, colonies of most strains show a ' target haemolysis ' 
resulting from a narrow zone of completed haemolysis due to theta toxin and 
a much wider zone of incomplete haemolysis due to alpha toxin. This double 
zone pattern of haemolysis may fade on longer incubation. Colonies are 1–
3mm in diameter, round smooth or slighty irregular, silghty raised, convex 
and slighty opaque disc (Ananthanarayan and Paniker, 1986; Carter et al., 
1986). 
1.7.2.3 Pathogenicity: 
       Clostridium perfringens is Gram-positive bacterium that 
causes a number of diseases in humans and animals, including 
clostrisdial myonecrosis (or gangrene) and necrotic enteritis. Until 
now, the virulence of this species was attributed exclusively to 
production of effective toxins. Clostridium perfrin-gens 
synthesizes a number of major and minor toxins involved in the 
pa-thogenicity process. However, C. perfringens is considered an 
aerotolerant anaerobe that is capable of surviving in soil or arterial 
blood. It was recently shown that C. perfringens can escape from 
the phagosomes of marcrophages in both aerobic and anaerobic 
conditions (Briolat and Reysset, 2002). 
Clostridium perfringens produces many infections in humans and 
animals such as gas gangrene caused by C.perfringens type A, associated 
with other clostridia as well as none clostridial anaerobes and even aerobes. 
All clostridial wound infections do not result in gas gangrene. More 
commonly, they lead only to ' wound contamination', or, anaerobic cellulites, 
it is only when muscle tissues are invaded that gas gangrene (anaerobic 
myositis) results. Some strains of type A can produce alpha and theta toxins 
that cause food poisoning. They have been shown to produce a heat labile 
entrotoxin, which are similier to the enterotoxins of V.cholerae and 
enteropathogenic E.coli (Anantharayanan and Paniker, 1986). 
Chapter Two 
MATERIAL AND METHODS 
 
2.1 Equipment: 
Various equipment were used during the course of this study. There 
were located in the department of Microbiology, Faculty of Veterinary 
Medicine at Shambat. 
These equipment, included: 
Slides, wire loops (Standard loops with 4mm internal diameter), 
graduated glass pipettes of different capacities (Pyrex, England), Pasteur 
pipettes, wooden and metal racks, test tubes, disposable syringes, filter 
papers of different sizes, tips of different sizes, Micropipettes of different 
capacities, media bottles  of different sizes (Bijou, MacCarteny) and medical 
bottles, glass and disposable petri-dishes, graduated cylinder of different 
sizes, conical and round flaks (Pyrex, England), membrane filter 0.22 µ m, 
hydrogen generation gas packs ( BBL. Oxoid, England ), anaerobic jars 
(Baird and Tatlock, England). 
- Autoclave (Baird and Tatlock, England). 
- Column chromatography, Resrvoir R25/26 specifications Instructions. 
- Magnetic stirer, Magnetic rod (England). 
- Microscope (Olympus, Tokyo, Japan). 
- Millipore filter holder (Millipore filter Corp. Bed ford Mass. U.S.A). 
- mV meter (pH 301 – HANNA Instrument – Italy) 
- pH meter (pH 301 – HANNA Instrument – Italy) 
- Refrigerator (Admiral – England). 
- Sensitive digital blance. 
- Suprafuge 22 (Heraeus depatech - Germmany). 
- Thermostatically controlled incubator(Gallen Kamp Compenstat, 
England). 
- 6505 UV. visible spectrophotometer (JENWAY). 
- 6300 Spectrophotometer (JENWAY). 
- Water bath (Grant Instrument, Cambridage England). 
2.2 Chemicals: 
- Cysteine hydrochloride (Analar). 
- Diethylamino ethyl (DEAE) – cellulose (Pharmacia). 
- Di-potassium hydrogen orthosphate (Analar). (K2HPO4, Mw  = 
174.18). 
- Di-Sodium hydrogen orthophosphate anhydrous (Na2HPO4, Mw = 
141.96 ). 
- Hydrochloric acid ( HCL – conc, Mw =  36). 
- Potassium dihydrogen orthophosphate (KH2PO4, Mw = 136.09). 
- Sodium chloride ( NaCl, Mw = 58.44). 
- Sodium hydroxide pellets (NaOH, Mw = 40). 
- Tris (hydroxi methyl amino ethane) (Mw = 121.14 –BDH. England). 
2.3 Spinach ferredoxin: 
2.3.1 Preparation of spinach leaves: 
Spinach leaves were picked from plants grown in sand culture, or pur-
chased from local market Khartoum State at winter season. They were 
washed thoroughly with cold tap water, torn by hand into small shreds (the 
midribs and large veins were discarded). They were used freshly or stored 
frozen in moisture-plastic bags in a refrigator (4oC – 0oC).  
2.3.2 Preparation of spinach extraction:  
Two hundred and fifty grams of spinach leaves (fresh or frozen), were 
ground with 250 ml ice – cold acetone 80% solution. Grinding was carried 
out in an Electric blender for 3 minutes, the speed of the blender was 
regulated by means of a variable voltage transformer to avoid foaming. The 
dark green homogenate was filtered through a small plug of absorbent cotton 
placed in a glass funnel to remove the coarse material. 
The residue was discarded and the filtrate was centrifued for 20 
minutes 40C approximately 18000, xg in suprafuge 22 (Heraus Sepatech) It 
was  then decanted. The precipitate from high centrifugation was washed 
with 100ml ice-cold distilled water, centrifuged again and discarded. The 
wash water added to the intial extract had a deep brown green supernatant 
when the spinach leaves were used freshly and pale brown supernatant when 
it was stored frozen. 
 The final extract was freed from salts by dialysis against distilled 
water for 48 hrs at 40C using a magnetic stirrer and dialysis tubing. The 
dialysed extract was supplemented with 1/100 volume of Tris - HCL buffer 
(0.7N), pH 7.3, and solid sodium chloride 0.2 N. 
2.3.3 DEAE-cellulose chromatography: 
 Diethyl amino ethyl (DEAE)-cellulose, (Pharmacia) was used for 
purification of spinach ferredoxin. All steps of the purification were done at 
40C and 150C was followed the procedure adopted by Mortenson et al. 
(1962).  
2.3.4 Preparation of the DEAE-cellulose resin buffers: 
 Potassium phosphate buffer (1.0M) of pH 6.5 was prepared by dissol-
oving 68.045g KH2PO4 in 500 ml distilled water. The pH was adjusted  to 
6.5 with 10g Na OH in 500 ml distilled water. 
 Sodium phosphate buffer (1.0M) of pH 6.5 was prepared by 
dissoloving 34.5g Na H2PO4. 2H2O in 250 ml distilled water. The pH was 
adjusted to 6.5 with 35.5g Na2 HPO4 in 250 ml distilled water. 
 
 
2.3.5 Preparation of DEAE-cellulose resin: 
 DEAE-cellulose (Pharmacia) was used. Fifteen grams of DEAE-
cellulose (anion exchanger) were added slowly to phosphate buffer (1.0M) 
of  pH 6.5 with gentle stiring for 30 minutes at 4oC. The phosphate buffer 
solution was discarded and the resin was washed with double phosphate 
buffer until the supernatant was cleared (removal of supernatant which 
contains cellulose fines; which may block the column). 
 For complete stabilization and equilibration of the DEAE-cellulose, 
resin was suspended for an overnight in a volume of 1.0M phosphate buffer, 
pH 6.5 (at 4oC). This is approximately three times the volume of the 
precipitate. This allows the DEAE-cellulose resin to settle and the excess 
buffer was decanted well (the slurry should not be too thick as to retain air 
bubbles). 
 The DEAE-cellulose slurry was degassed in a Bunchner flask using a 
water vacuum pump (Mortenson et al., 1962 and Pharmacia Fine Chemicals 
Manual, 1989). 
2.3.6 Solutions DEAE-cellulose chromatography: 
 The buffer solutions used in the DEAE-cellulose chromatography 
consisted of: 
- Phosphate buffers: 
 Potassium phosphate buffer (1.0M), pH 6.5 
 Potassium phosphate buffer (0.05M), pH 6.5 
 Or  
 Sodium phosphate buffer (1.0M), pH 6.5 
 Sodium phosphate buffer (0.05M), pH 6.5 
- Tris (Hydroxy methyl amino ethane) HCL buffer (0.15M), pH 7.3  
- Sodium Chloride (0.67M) in 120 ml distilled water. 
2.3.7 Preparation of the buffers: 
 Potassium phosphate buffer (1.0M) of pH 6.5 was prepared by 
dissolving 68.045g KH2PO4 in 500ml distilled water. The pH was adjusted 
to 6.5 with 10g NaOH in 500 ml distilled water. 
Potassium phosphate buffer (0.05M) of pH 6.5 was prepared by 
dissolving 3.4023g KH2PO4 in 500 ml distilled water. The pH was adjusted  
to 6.5 with 1g NaOH in 500 ml distilled water. 
 Sodium phosphate buffer (1.0M) of pH 6.5 was prepared by 
dissolving 34.5 g NaH2PO4. 2H2O in 250 ml distilled water. The pH was 
adjusted  to 6.5 with 35.5g Na2HPO4 in 250 ml distilled water. 
Sodium phosphate buffer (0.05M) of pH 6.5 was prepared by 
dissolving 3.45g NaH2PO4.2H2O in 500 ml distilled water. The pH was 
adjusted to 6.5 with 3.55g Na2HPO4 in 500 ml distilled water. 
 Tris - HCL buffer (0.15M) of pH 7.3 was prepared by dissolving 9.1g 
Tris (hydroxyl methyl - amino ethane) in 500 ml distilled water. The pH was 
adjusted to 7.3 with  HCL (0.1N). 
 Sodium chloride (0.67M) was prepared by dissolving 4.7 g NaCl in 
120 distilled distilled water. 
2.3.8 Packing of the column: 
 Pharmacia column R 25/26 was used. The packing process was as 
follows: 
The phosphate buffer (1.0M) of pH 6.5 was injected into the outlet 
tubing until it passed through the bed support net to ensure that no air 
bubbles were trapped in the dead space. 
The outlet tube was then closed. The fairly thick slurry was gently 
poured through Pharmacia column (R25/26), fixed at the top of the column 
with aid of glass rod until the column was filled (to reach approximately 
10cm high). 
The phosphate buffer (1.0M) of pH 6.5 was then added to fill the 
DEAE-cellulose column. At least three column volume of 1.0M phosphate 
buffer, pH 6.5 were passed through the DEAE-cellulose resin to allow 
complete stabilization and equilibration of DEAE-cellulose resin. 
2.3.9 Checking the packed resin: 
 The DEAE-cellulose resin was checked by running phosphate buffer 
(1.0M) of pH 6.5 through it. When the eluent pH is the same as that of the 
original buffer (using pH meter), or by passing 2-3 litre of the buffer through 
the DEAE-cellulose column to allow complete stabilization and 
equilibration of the DEAE-cellulose resin. 
2.3.10 Sample application: 
The outlet tubing was closed and the buffer above the DEAE-cellulose 
resin was removed by sucking. The outlet tubing was then opened and the 
remaining buffer was allowed to drain away. Spinach extract was applied on 
the top of the equilibrated DEAE-cellulose column using STA-Pristaltic 
pump. A sample applicator cup was routinely used to prevent disturbance of 
the bed surface. The column outlet was then opened to allow the sample 
drain into the bed, at a constant flow rate of 80 ml/cm2/hr. Then the flow rate 
was reduced about half of the packing rate during elution. The major portion 
of the protein, about 95% representing phosphoroclastic system,. minus 
ferredoxin passed directly through the column. A dark band containing 
ferredoxin remained absorbend at the top of the column which was washed 
with ten volumes of distilled water until the eluent was colorless. This was 
followed by ten volume of phosphate buffer (0.05M) of pH 6.5, to remove 
the unwanted proteins. The ferredoxin was then eluted with tris-HCL buffer 
(0.15M) of pH 7.3, containing Sodium chloride (0.67M) in a volume of 120 
ml (Buchanan et al., 1963). The ferredoxin was collected in the conical flask 
until the eluent was colorless. 
2.3.11 Concentration and sterilization: 
Two hundred  ml aliquot of the solution containing ferredoxin, 
obtained with the previous step, was concentrated to 50% by dialysis against 
polyethylene glycol powder, at 4oC. The concentrated ferredoxin was steril-
ized by filtration using a membrane filter (0.22 µ m–Gelman Science) the 
filtrate was collected aseptically in sterile bottle and stored at 4oC for use. 
2.3.12 Determination of ferredoxin: 
Spinach ferredoxin activity was determined by the 
abosorbancy meas-urement (Valentine, 1964; Uyeda and 
Rabinowitz, 1971 and Terlesky and Ferry, 1988). The spectar 
measured for extracts (see 2.3.11) were read in 6505. UV. visible 
spectrophotometer (JENWAY). Phosophate buffers (0.05M) were 
used as eluting solvents and also as a reference. 
The extracts were diluted. 5ml were transferred to a volumeteric flask 
(100ml) completed to 100ml. Cuvettes of 1ml path length were used for 
holding the samples in the spectrophotometer. 
2.4 Bacteriological Methods: 
2.4.1 Sterilization and Disinfection: 
2.4.1.1 Sterilization: 
2.4.1.1.1 Hot air oven: 
This method was used for sterilization of clean glassware, such as 
Petri-dishes, pipettes, tubes, flasks, bottles and glass-rod. The temperature 
and time of exposure was 160oC for one hour ( Barrow and Feltham, 1999). 
 
 
2.4.1.1.2 Red Heat: 
This method was used for sterilization of wire, loops and straight 
wires. It was done by holding the object as near as possible to the flame until 
it became red hot (Cruickshank et al., 1995). 
2.4.1.1.3 Direct flame: 
This methods was used for cotton plugged tubes and glass slides. It 
was done by exposing the object to the dirct flame about half to one second. 
2.4.1.1.4 Autoclaving: 
This technique was used for sterilization of media, solutions, plastic 
wares such as rubber stoppers which couldn't with stand the dry heat. The 
temperature at 121oC for 15 minutes, under pressure of 15 pounds (Barrow 
and Feltham, 1999). 
2.4.1.1.5 Radiation: 
The ultraviolet (UV) irradiation was used for the media pouring room 
for 20 minutes. 
2.4.1.2 Disinfection: 
Phenolic disinfection was used for disinfecting floor, walls and roofs 
of the laboratories and 70% alcohol was used for disinfecting the benches, 
platinum electrode and anaerobic jars. 
2.4.2 Media:  
2.4.2.1 Solid Media: 
2.4.2.1.1 Blood Agar: 
Forty grams of blood agar base (Oxoid CM271) which consist of 10g 
Lab lemco, 10g peptone, 5g Sodium chloride and 15g Agar No. 3, were 
suspend in 1 litre of distilled water, it was boiled to dissolve completely and 
then sterilied by autoclaving at 121oC for 15 minutes after adjusted the pH to 
7.3 The media was cooled to 45-50oC before addition of 7% defibrinated 
sheep blood, it was mixed gently by careful rotation and then dispensed into 
sterile Petri dishes in about 20 ml each, allowed to set and store in sterile 
Petri dish holder cans at 4oC. The medium was prepared as described by 
Oxoid manual (1973) (Oxoid Laboratories, London). 
2.4.2.1.2 Reinforced Clostridial Agar (RCA,Oxoid): 
Ingredients used in this media consist of (g/L, W/V): yeast extract, 
3;Lablemco, 10; peptone, 10; Soluble starch, 1; Dextrose, 5; Sodium acetate, 
3 and Agar 15. This medium was completed to 1 liter with distilled water, 
mixed with magnetic stirrer and allowed to dissolve completely in a boiling 
water, the pH was adjusted to 6.8 ± 0.1, the medium was then autoclaved at 
121oC for 15 minutes. Sterile cysteine hydrochloride 0.05% and sterile 
glucose 1% were added aseptically to the medium, mixed and distributed 
into sterile Petri dishes in about 20 ml each and stored at 4oC until used. The 
medium was prepared as described by Oxoid manual (1973). 
2.4.2.2 Liquid Media: 
2.4.2.2.1 Nutrient Broth: 
Thirteen grams which consist of 5g peptone, 2g yeast extract, 1g Lab 
lemco and 5g sodium chloride were added to 1 liter of distilled water, mixed 
well and distributed into final containers, after adjusted the pH to 7.4 ±  0.2 
and sterilized by autoclaving at 121oC for 15 minutes. The medium was 
prepared as described by Oxoid manual(1973). 
2.4.2.2.2 Reinforced Colstridial Medium (RCM,Oxoid): 
Ingredients in this media consist of [g/l, W/V]: yeast extract, 3; Lab 
Lemco, 10 ; peptone, 10; Soluble starch, 1; Dextrose, 5; sodium acetate, 3 
and Agar 0.5. This medium was completed to 1 litre with distilled water, 
mixed with a magnetic stirrer and allowed to dissolve completely in a 
boiling water, the pH was adjusted to 6.8 ± 0.1. The medium was then 
autoclaved at 121oC for 15 minutes. Cysteine hydrochloride 0.05% and 
Glucocse 1% were added aseptically to the medium, mixed and distributed 
in 9 ml amount into sterile universal bottles. The medium was prepared as 
described by Oxoid manual (1973). 
2.4.2.2.3 Cooked Meat Medium (CMM): 
This medium was prepared as described by Cruickshank et al., (1995) 
as follows: Beef meat, 500g; D.W 1000 ml and 1.5 g sodium chloride. The 
meat was cleaned of fascia and fats and minced. The minced meat was 
heated in alkaline boiling water for 20 – 30 minutes to neutralize the lactic 
acid. The fluid was drained off while the mixture was still hot. The minced 
meat practicles were then pressed in a cloth and dried by spreading on filter 
paper, and distributed to the depth of 2.5cm in sterile screw capped bottles 
and nutrient broth was added to a level of 5cm and the medium was 
sterilized by autoclaving  at 121oC for 15 minutes. 
2.4.2.2.4 Normal Saline buffer: 
Normal Saline was prepared as described by Cruickshank et al. (1995) 
from the following [g/L, W/V]: Sodium chloride, 8.5 and 1 Liter of distilled 
water. The salt was dissolved in distilled water. The mixure was then 
distributed in Bijou bottles then they were autoclaved at 121oC for 15 
minutes and stored at 4oC for preparation of smears. 
2.4.3 Staining techniques: 
2.4.3.1 Preparation of smears: 
Smears were prepared by emulsifying a small inoculum in a drop of 
normal saline and spreading on a clean slide. The smears were allowed to 
dry by air and then fixed by gentle flaming. 
 
 
2.4.3.2 Gram's Stain: 
Gram stain was done according to the method described by 
Cruickshank et al., 1995. the smears were placed on the rack and flooded 
with crystal violet stain for one minutes (base stain) and then the stain was 
rinsed with distilled water. The smears were covered with Iodine for one 
minutes (mordant) rinsed with distilled water. Acetone was used for 
decolorization for no time and the smears were rinsed with distilled water 
again. Then the smears were counter-stained with dilute Carbal Fuchsin for 
one minutes, rinsed with distilled water and dried by blotting with a filter 
paper. The prepared smears were examined under microscope using oil-
immersion objective lens. Bacteria colored red were labeled as gram-
negative organisms and colored violet were labeled as agram-positive. 
2.4.4.1 Effect of Spinach ferredoxin on the growth of anaerobic 
bacteria: 
2.4.4.1.1 Strains: 
Strains used in this study were obtained from Vertinary Research 
Centre at Soba: 
1. Aerotolerent bacteria Clostridium perfringens. 
2. Strict anaerobic bacteria Clostridium chauvoei strains (Kuku, El-
Doeim, Elteis, Kad1 and Buram) were local Sudanese strains and 
Clostridium chauvoei strain (CH3) (supplied by the Common Wealth 
serum labo-rateries, Australia). 
2.4.4.1 Morphology and purification: 
       Clostridium Chauvoei strains (KuKu, El-Doeim, Elteis, CH3, Kad1 and 
Buram) and Clostridium Perfringes strain, were grown on Reinforced 
clostridial agar (RCA, Oxoid) and Blood agar media for purification and 
study of colonal morphology. Smears were made from culture media and 
stained with Gram's stain. 
2.4.4.2 Effect of Spinach ferredoxin on the growth of Clostridium 
perfringens: 
2.4.4.2.1 Preparation of modified RCA: 
Different concentrations of sterile spinach ferredoxin and sterile cysteine 
hydrochloride, were added to sterile RCA medium aspetically, and poured 
onto sterilized Petri dishes and stored at 4oC for use. These concentrations 
were as follows: 
- RCA without cysteine hydrochloride + 0% ferredoxin  
- RCA without cysteine hydrochloride + 0.1% ferredoxin  
- RCA without cysteine hydrochloride + 1% ferredoxin  
- RCA without cysteine hydrochloride + 2% ferredoxin  
- RCA without cysteine hydrochloride + 3% ferredoxin  
- RCA without cysteine hydrochloride + 4% ferredoxin  
- RCA without cysteine hydrochloride + 5% ferredoxin  
- RCA + 0.05% ferredoxin. 
- RCA + 0.05% cysteine hydrochloride. 
- RCA  (control) 
2.4.4.2.2 Inoculation: 
The modified RCA (see 2.4.4.2.1) and the control RCA media were 
inoculated using a loopful of a pure overnight culture of Clostridium 
perfringens using the streak plate procedure. 
2.4.4.2.3 Incubation of cultures: 
The inoculated plates (see 2.4.4.2.2) were incubated anaerobically at 
37oC for 24 hours, using Baird and Taltock anaerobic jar (BTL) and the Gas 
pack system (BBL, Oxoid). 
 
 
2.4.4.2.4 Examination of cultures: 
Cultures on modified RCA and the control RCA were examined with 
naked eyes for the growth and colonal morophology as well as any visible 
change in the media. Smears were made after the jars were opened. These 
were fixed and stained with Gram's stain and examined by light microscopy. 
Morphology of cells was studied. 
2.4.4.2.5 Preparation of modified RCM: 
Different concentration of spinach ferredoxin were added to sterile 
RCM asepetically and distributed in 9 ml amounts into sterile universal 
bottles and stored at 4oC for use. These concentrations were as follows: 
- RCM without cysteine hydrochloride + 0.1% ferredoxin. 
- RCM without cysteine hydrochloride + 1% ferredoxin  
- RCM without cysteine hydrochloride + 2% ferredoxin.  
- RCM without cysteine hydrochloride + 3% ferredoxin. 
- RCM (control). 
2.4.4.2.6 Inoculation: 
The modified RCM (see 2.4.4.2.5) and RCM (control) were 
inoculated using a loopful of pure overnight culture of Clostridium 
perfringens, incubated at 37oC for 24hrs. Smears were made after the bottles 
were opened. These were fixed and stained with Gram's stain, and examined 
by light microscope. Morphology of cells was studied. 
2.4.4.2.7 Light-microscope: 
Active growth in modified RCM and control RCM media were gently 
shaken, left to settle; the partially clear supernatant was used. Drops were 
carefully applied on a clean glass slides. The smears were allowed to dry, 
stained with Gram’s stain and examined by Olympus light microscope. 
 
2.4.4.3.1 Effect of Spinach ferredoxin on the growth of Clostridium 
chauvoei: 
The modified RCA and the control RCA media (see 2.2.4.2.1) were 
inoculated by a loopful of pure overnight culture of Clostridium chauvoei 
strains (KuKu, El-Doeim, Elties, CH3 , Kad1 and Buram) using the streak 
plate method. The incubation and growth examination were done with 
similar procedure of Clostridium perfringens. 
The modified RCM and control RCM (see 2.4.4.2.5) were inoculated 
by a loopful of Clostridium chauvoei strains (KuKu, El-Doeim, Elties, CH3, 
Kad1 and Buram). The incubation and growth examination were done with 
similar procedure of Clostridium perfringens. 
2.4.4.4 Nephelometry: 
The spectrophotometer (6300 – spectrophotometer – Jenway ) was 
first calibrate by the nephelometer (cuvette) standard tube and adjusted using 
the wavelength at 690nm with RCM as a reference. Active growth in 
modified RCM and control RCM media (see 2.4.4.2.6) and (see 2.4.4.3.1) 
were shaken, left to settle; 1 ml of the partially clear supernatant was used. 
(Baker and Breach, 1980). 
2.4.4.5 Viable count on different concentrations of Spinach ferredoxin: 
Active growth of Clostridium chauvoei strains and Clostridium 
perfringens on modified RCM and control RCM were used (see 2.4.4.2.5). 
They were tested using surface viable count method (Baker and Breach, 
1980). Then one ml of each concentrated culture on RCM was transferred to 
a test tube contained 9 ml RCM. Eight serial dilutions were done according 
to surface viable counts method (Miles and Mizra, 1938). The eight oven-
dried RCA plates were divided into two halves, on each half one drop (0.02 
ml) from the diluted culture was spreaded using a sterile glass rod. Then the 
plates were incubated anaerobically at 37oC for 48 hours, using Baird and 
Taltock anaerobic jar (BTL) and the Gas pack system (BBL, Oxoid). The 
diplucate plates were counted according to Farmiloe (1954). Stained smear 
of each plate were examined for confirmation. 
2.4.4.6 Measurement of the redox potential (Eo): 
Electrode – potentials were measured using a pH meter (301) in 
millivolts (mV), allowing millivolts to be measured in range of ±  500.0 and 
of ±  1500.0 mV with an accuracy of ±  0.1 mV. 
2.4.4.6.1 Electrode : 
The platinum electrode used throughout this work was a glass body 
ORP electrode. It consisted of reference wire, reference junctione  and 
platinum tip. The glass body ORP electrode was filled with saturated 
potassium chloride solution (pH 301 -  HANNA Instrument – Italy). 
The pH mV-meter (301) was calliberated by the manufacture for Eh 
(mV) measurement. The electrodes were interchangeable and no calibration 
was needed when the ORP electrode was replaced. Before each experiment, 
the platinum electrode was immersed in 70% alcohol overnight then it was 
thoroughly rinsed with sterile distilled water, for a faster responce and to a 
void cross contamination of the samples, the electrode platinum tip was 
rinsed with a few drops of the solution to be tested, before taking 
measurements. 
2.4.4.6.2 The culture vessel: 
The culture vessel was a standard “Quickfit” 500ml round bottomed 
three – necked flask (center neck B24/29, two angled side necks B19/26). 
Four hundred and fifty ml of medium was used. The media consisted of: 
- RCM without cysteine hydrochloride + 1% ferredoxin. 
- RCM. 
- RCM without cysteine hydrochloride or ferredoxin. 
2.4.4.6.3 Inoculation:  
The RCM (see 2.4.4.6.2) were inoculated using a loopful of a pure 
overnight culture of Colstridium chauvoei strain (Kad1), incubated at 37oC 
for 48hrs. Smears were made after the bottles were opend. They were fixed 
and stained with Gram's stain, and examined by light microscope. 
2.4.4.6.4 Measurement of Eo of cultures of Clostridium chauvoei strain 
(kad1) in RCM and modified RCM: 
The inoculation (see 2.4.4.6.3) were added to sterile RCM and 
modified RCM aseptically and immediately the platinum electrode was 
immersed. The culture vessel was tightly closed with sterile cotton and 
aluminum foil. The mV meter was then switched on. 
2.5 Bacterial Ferredoxin: 
2.5.1 Organisms and growth conditions: 
         The organisms used were C. chauvoei strain (Kad1) and C. perfringens. 
The RCM were inoculated using a loopful of a pure overnight culture of 
C.chauvoei strain (Kad1) and C. perfringens incubated at 37oC for 48 hrs. 
Smears were made. They were fixed and stained with Gram’s stain and 
examined by light microscope. 
2.5.2 Preparation of cell extracts: 
Extracts were prepared by the procedure of Mortenson et al. (1962). 
Active growth on RCM (see 2.5.1) were centrifuged for 15minutes, 4oC and 
at approximately 18000, xg in suprafuge 22 (Heraus Septach). 
The cell pellets were washed three times with ice-cold distilled water, 
centrifuged again and supernatant was discarded. Cell suspensions were 
sonicated in an ultrasonic disintegrator (Sonnicator), (MSE, England) at 4oC 
for 15 minutes. Cell debris was removed by centrifugation at 18000, x g for 
10 minutes. 
2.5.3 DEAE – cellulose chromatography: 
Diethyl aminoethyl (DEAE)- cellusoe, (Pharmacia) was used for 
purifi-cation of bacterial ferredoxin from C. chauvoei strain (Kad1) and C. 
perfrings, following the procedure adopted by Mortenson et al., (1962). All 
steps of purification were done at 4oC. 
2.5.3.4 Preparation of DEAE- cellulose resin: 
DEAE-cellulose (Pharmacia) was used, 3 grams of DEAE-cellulose 
were added slowly to potassium phosphate buffer (2.0 M) of pH 6.5 with 
gentle stirer for 30 minutes at 4oC. The phosphate buffer solution was 
discarded and the resin was washed with double phosphate buffer until the 
supernatant was clear. 
For complete stabilization and equilibration of DEAE-cellulose, resin 
was suspended overnight in a volume of potassium phosphate buffer (2.0 M) 
of pH 6.5 at 4oC approximately three times the volume of the precipitate. 
This allows the DEAE-cellulose resin to settle and the excess buffer was 
decanted (Mortenson et al., 1962 and Pharmacia Fine Chemicals Manual, 
1989). 
2.5.5 Packing of the mini column: 
Disposable syringe barrels (10ml) was used in a rack with gravity 
flow at 4oC. The packing process was as the following: 
The potassium phosphate buffer (2.0 M) of pH 6.5 was injected into 
the top of the syringe barrels until it passed through the DEAE-cellulose 
resin. At least three volume column of potassium phosphate buffer (2.0 M) 
of pH 6.5 were passed through the DEAE-cellulose resin to allow complete 
stabilization and equilibration of DEAE-cellulose resin. The packed resin 
were checked with similar procedure done in (2.3.9). Then the mini column 
was washed with cold distilled water at least three volume column. 
 
2.5.6 Sample application: 
         The bacterial extract was applied on the top of the equilibrated DEAE-
cellulose mini column using gravity flow. The major portion of the protein, 
about 95% respresnting phosphoroclastic system, minus ferredoxin passed 
directly through the column. Then the mini column was washed with ten 
volumes of cold distilled water until the eluent was colorless. This is 
followed by ten volume potassium phosphate buffer (0.05M) of pH 6.5 to 
remove unwanted proteins. The ferredoxin was then eluted with potassium 
phosphate buffer (1.0M) of pH 6.5 . The ferredoxin was collected in a 
universal bottle. 
2.5.7 Determination of bacterial  ferredoxin: 
Bacterial ferredoxin was determined by the absorbancy measurement 
with same procedure done in (2.3.12). 
 
Chapter Three 
RESULTS 
3.1 Spinach leaves: 
          Extracts of fresh or frozen spinach leaves were tested as reducing 
agent for cultivation of anaerobic bacteria. The extracts were used as liquid 
(RCM) and solid (RCA) media components to test anaerobic bacterial 
growth and its redox potential (Eo). 
 The spinach ferredoxin extracted from fresh or forzen spinach leaves 
had a good ability to grow anaerobic bacteria at the same ratio of spinach 
ferr-edoxin concentrations. 
3.2 DEAE-cellulose chromatography: 
       Spinach ferredoxin purification, through the diethyl amino ethyl 
(DEAE)-cellulose column, was done at 4oC and 15oC as shown in figures 
(3.1) and (3.2).  
3.3 Spectral properties of Spinach-ferredoxin: 
 The absorption spectrum of the crude and purified spinach ferredoxin 
was determined with 6505 UV/Vis - Spectrophotometer (JENWAY). The 
absorption spectrum of crude spinach ferredoxin extracted by sodium 
phosphate buffer, pH 6.5 had a marked peak in ultraviolet region at 270 nm 
and the shoulder at 325nm and abroad absorption band in region of 400nm 
(Fig. 3.3). The absorption spectrum of purified spinach ferredoxin extracted 
by sodium phosphate buffer, pH 6.5 had a marked peak in ultraviolet region 
at 255 nm and the shoulder at 265 nm and a broad absorption band in region 
of 600 nm (Fig. 3.4). The absorption spectrum of crude spinach ferredoxin 
extracted by potassium phosphate buffer, pH 6.5 had a marked peak in 
ultraviolet region at 275 nm and the shoulder at 320 nm and a broad 
absorption band in region of 450 nm (Fig. 3.5). The absorption spectrum of 
purified spinach ferredoxin extracted by potassium phosphate buffer, pH 6.5 
had a marked peak in ultra violet region at 275 nm and shoulder at 330 nm 
and a broad absorption band in region of 400 nm (Fig. 3.6). 
3.4 The effect of spinach ferredoxin on the growth of Clostridium 
Perfringens:  
3.4.1 Growth on modified Reinforced Clostridial Agar (MRCA) and 
control RCA: 
 There were variations in the growth of C. perfringens on the modified 
RCA media. The growth on modified RCA without cysteine hydrochloride 
+1% spinach ferredoxin, was the best. The colonies were larger than on 
control RCA. There was better growth on modified RCA without cysteine 
hydrochloride +2% spinach ferredoxin, than that on modified RCA without 
cysteine hydrochloride +3% spinach ferredoxin. The growth was semi-dense 
and colonies were larger than that on control RCA. The growth on modified 
RCA without cysteine hydrochloride +4% spinach ferredoxin and modified 
RCA without cysteine hydrochloride +5% spinach ferredoxin, was less than 
that on the previous media. The growth on modified RCA +0.05% spinach 
ferredoxin, was better than that on control RCA.  No growth had been seen 
on RCA +0.05% cysteine hydrochloride. The growth on modified RCA 
without cysteine hydrochloride +0.1% spinach ferredoxin, was poor and the 
colonies were small. The growth on control RCA was better than that on 
0.1% spinach ferredoxin. 
Colonal morphology of Clostridum perfringens was circular ones with 
different sizes, about 1–4 mm in diameter, round smooth or slighty irregular, 
convex and slighty opaque disc. 
Microscopic examination of C. perfringens revealed more or less long 
and thick Gram–positive rods, with rounded end. Rods arranged singly and 
in pairs. Short chains were seen. It was clear that C.perfringens rods grown 
on modified RCA without cysteine hydrochloride +1% spinach ferredoxin 
were longer and thicker than those on control RCA medium (Figs. 3.7, 3.8 
and 3.9). 
3.5 The effect of spinach ferredoxin on growth of Clostridium chauvoei 
strains: 
3.5.1 Growth on modified Reinforced Clostridial Agar (MRCA) and 
control RCA: 
There were variations in the growth of C.chauvoei strains on modified 
RCA media. The growth on modified RCA without cysteine hydrochloride 
+1% spinach ferredoxin, was the best. The colonies were larger than that on 
control RCA. There was better growth on modified RCA without cysteine 
hydrochloride +2% spinach ferredoxin, than that on  modified RCA without 
cysteine hydrochloride +3% spinach ferredoxin. The growth was semi-dense 
and colonies were larger than that on control RCA. The growth on modified 
RCA without cysteine hydrochloride +4% spinach ferredoxin and modified 
RCA without cysteine hydrochloride +5% spinach ferredoxin, was less than 
pervious media. The growth on modified RCA +0.05% spinach ferredoxin, 
was better than that on control RCA. No growth had been seen on RCA 
+0.05% cysteine hydrochloride. The growth on modified RCA without 
cysteine hydrochloride +0.1% spinach ferredoxin, was poor. The colonies 
were  minute. The growth on control RCA medium was better than that on 
0.1% spinach ferredoxin. 
Colonal morphology of Clostridium chauvoei strains showed circular 
colonies with different sizes, about 0.6–3 mm in diameter, low convex or 
raised, opaque granular, shiny or dull and smooth. Microscopic examination 
of C. chauvoei showed Gram – positive rods, with rounded ends occurring 
singly and in pairs. Short chains were rare. Spores were oval, central to 
subterminal and swell the cell (Figs. 3.10 and 3.11). 
3.5.2 Nephelometry: 
The effect of the spinach ferredoxin on the growth of C.chauvoiei 
strains and C.perfringens on modified RCM and control RCA after 24 hrs 
incubated at 37oC was firstly determinated by the absorbance of the growth 
rate as shown in Fig. (3.18). The highest absorbance rate was observed in 
modified RCM without cysteine hydrochloride + 1% spinach ferredoxin. 
3.6 Viable count on different concentrations of spinach ferredoxin: 
Active growth of Clostridium chauvoei strain (Kad1) and Clostridium 
perfringens on RCM and modified RCM were tested using surface viable 
count method were shown in Tables (3.1 and 3.2). The growth rate was best 
in modified RCM without cysteine hydrochloride +1% spinach ferredoxin. 
3.7 Measurement of Eo of cultures of Clostridium chauvoei (Kad1) in 
RCM and modified RCM: 
        The changes in redox-potential of cultures of C. chauvoei strain (Kad1) 
grown in modified RCM without cysteine hydrochloride +1% spinach 
ferredoxin, RCM and modified RCM without cysteine hydrochloride or 
spinach ferredoxin were shown in Figs (3.12 , 3.13 and 3.14). 
3.8 Bacterial ferredoxin: 
3.8.1 DEAE-cellulose chromatograpy: 
 Bacterial ferredoxin from Clostridium perfringens and Clostridium 
chauvoei strain (Kad1) was purified through the diethylaminoethyl (DEAE)-
cellulose mini columns at 4oC. A coffee colored band adhering to the top of 
the DEAE-cellulose mini column appeared during the purification of 
bacterial ferredoxin from C. perfringens as shown in Fig. (3.15). No any 
detectable coffee band adhering to the top of the DEAE-cellulose mini 
column during the purification of C. chauvoei strain (Kad1) appeared. 
3.8.2 Specteral properties of bacterial ferredoxin: 
     The absorption spectra of the purified bacterial ferredoxin were 
determined with 6505 UV/Vis-Spectrophotometer (JENWAY). The 
absorption spectrum from C. perfringens extraced by cold distilled water had 
a marked peak in ultraviolet region of 270 nm and a shoulder of 320 nm and 
a broad absorption band at the region of 450 nm Fig. (3.16). 
There was no detectable wavelength at absorption specterum from 
C.chauvoei strain (Kad1) extracted by cold distilled water Fig. (3.17). 
 
 
 
Fig. ( 3.1 ): Purification of spinach ferredoxin  
on DEAE-cellulose column at 4oC 
 
 
Fig. (3.2) Purification of spinach ferredoxin on  
DEAE-cellulose column at 15oC 
  
 




 
 
Fig. (3.7): Clostridium perfringens in Gram-stained smear from 
modified (RCA without cysteine hydrochloride + 1% spinach 
ferredoxin) ( x 100). 
 
 
 
 
Fig. (3.8): Clostridium perfringens in Gram-stained smear from 
modified (RCA without cysteine hydrochloride + 2% spinach 
ferredoxin) ( x 100). 
 
 
 
 
 
Fig. (3.9): Clostridium perfringens in  
Gram-stained smear from RCA (control) (x 100). 
 
 
 
 
Fig. (3.10): Clostridium chauvoei strain ( Kad1) in Gram-stained 
smear from modified (RCM without cysteine hydrochloride + 1% 
spinach ferredoxin) ( x 100). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (3.11): Clostridium chauvoei strain ( Kad1) in Gram-stained 
smear from RCM (control) ( x 100). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (3.15 ): Purification of bacterial ferredoxin  
from C. perfringens on DEAE-cellulose mini column at 4oC  
 
 


 
Table (3.1): Growth rate of Clostridium chauvoei (Kad1) in modified 
RCM and  control RCM after 24hrs incubation at 37oC 
 
No Treatment Count/ml 
1 RCM without cysteine hydrochloride + 1% ferredoxin. 4.62 x 108 
2 RCM without cysteine hydrochloride + 2% ferredoxin. 2.7 x 108 
3 RCM without cysteine hydrochloride + 3% ferredoxin. 1.76 x 106 
4 RCM (control). 2.64 x 107 
 
 
 
Table ( 3.2 ): Growth rate of Clostridium perfringens in modified RCM 
and control RCM after 24hrs incubation at 37oC 
 
No Treatment Count/ml 
1 RCM without cysteine hydrochloride + 1% ferredoxin. 7.92 x 108 
2 RCM without cysteine hydrochloride + 2% ferredoxin. 5.94 x 108 
3 RCM without cysteine hydrochloride + 3% ferredoxin. 4.62 x 106 
4 RCM (control). 7.04 x 107 
 
Chapter Four 
DISCUSSION 
 
 This work was under taken to investigate and asses the potentiality of 
local spinach leaves as a source of Spinach ferredoxin for supporting growth 
of anaerobic bacteria with special reference to its redox potential. 
 In the present work, we found similar findings reported by Tagawa 
and Arnon (1962); Buchanan et al. (1963); Lovenberg et al. (1963) and 
Osman (2003). They found that the spinach ferredoxin could be extracted by 
potassium phosphate buffer from whole spinach leaves without midribs and 
large veins in 80% ice-cold acetone water and purified through the diethyl 
amino ethyl (DEAE)-cellulose column at 4oC and 15oC as a coffee colored 
band adhering to the top of the DEAE-cellulose column. This might be due 
to the metal combined with protein (Figs. 3.1 and 3.2) and yielded Amber (a 
pale brown) – colored extract. 
 The absorption spectrum of spinach ferredoxin obtained in this study 
was similar to the results reported by Tagawa and Arnon (1962); Uydea and 
Rapinowitz (1971). Marked similarities are pronounced as absorption peaks 
were around 270 to 275nm and shoulders around 320 to 330nm and a broad 
absorption bands was in region of 450 to 400nm. 
The effect of spinach ferredoxin on the growth of Clostridium 
perfringens and Clostridium chauvoei strains (Kuku, ElDoeium, CH3, Kad1, 
Buram and Elteis) has been investigated. Mortenson et al. (1963) and 
Valentine et al. (1963) found that ferredoxin from C.pasteurianum, serves as 
a source of electrons for conversion of molecular nitrogen to amonia, also it 
may function as electron carrier for several ferredoxin–dependant oxidation-
reduction reaction in clostridia. In this study, the effect of addition different 
concentrations of spinach-ferredoxin in Reinforced Clostridial Agar media 
(RCA), for the growth of C. perfringens and C. chauvoei strains was 
investigated. The results indicated that the modified RCA media, 
supplemented with 2% and 3% spinach ferredoxin, showed better and dense 
growth. The best growth was obtained by the addition of 1% spinach 
ferredoxin to modified RCA. The C. perfringens growth was perfuse and 
very confluent. The colonies were larger than on the control RCA. This 
might be due to the fact that spinach ferredoxin is an active electron – 
carrier, non toxic and supported the bacterial growth. The media with 4% 
and 5% spinach ferredoxin added, showed growth rate to be relatively less 
than on previous media. This may be explained by the fact that increasing of 
spinach ferredoxin could have a toxic effect. The growth on modified RCA 
+ 0.05% spinach ferredoxin, produced better growth compared to its growth 
on control RCA. This might be due to the fact that, there is a synergestic 
action between the two chemicals for support of growth of C. perfringens 
and C. chauvoei strains. No growth was seen on RCA + 0.05% cysteine 
hydrochloride. This was explained by the fact that adding of 0.05% cysteine 
hydrochloride to control RCA could have a toxic effect. Another finding was 
obviously noticed that the growth on control RCA produced better growth 
compared to the growth on RCA without cysteine hydrochloride + 0.1% 
ferredoxin. This may be due to fact, that the medium is lacking enough level 
of reducing agents. 
 The microscopic examination of C. perfringens and C. chauvoei cells 
showed obvious differences between cell morphology in modified RCA and 
control RCA. In modified RCA the cells were large Gram-positive rods with 
rounded ends, but on the control RCA the cells were shorter with rounded 
ends. 
        Another finding was noticed in C. perfringens and C. chauvoei strain 
(Kad1) counts and absorbancy that the increasing concentration of spinach 
ferredoxin progressively (2%, 3% , 4% and 5%) on RCM in the place of 
cysteine hydrochloride decreased the growth rate of anaerobs. This may be 
due to the fact that increasing of spinach-ferredoxin could have a toxic 
effect. 
 These findings indicate that addition of 1% spinach-ferredoxin, was 
ideal for optimal growth of both C. perfringens and C. chauvoei strains. 
Spinach-ferredoxin was able to support the growth of anaerobic bacteria 
even at its lowest concentration (0.1%). Figs. (3.7 , 3.8 , 3.9 , 3.10 and 3.11) 
and Tables (3.1 and 3.2). This might be due to the fact that spinach-
ferredoxin is an active electron-carrier and non toxic in low concentrations. 
 The microscopic examination of the  morphology of C. perfringens 
and C. chauvoei strains revealed differences when compared to the previous 
media. Generally, these finding, agree with the observations made by 
Valentine et al. (1963) and Valentine (1964), that spinach-ferredoxin serves 
as an electron carrier in the clostridial oxidation-reduction reactions. 
 In this study, we found that the meaurement of Eh during the grwoth 
of Clostridium chauvoei strain (Kad1) on modified RCM without cysteine 
hydrochloride +1% spinach ferredoxin, fell from an initial of – 303.3mV to 
minimum of – 451mV, while on control RCM the Eh fell from an initial of – 
200 mV to minimum of –351mV. So the observations made with clostridial 
hydrogenase revealed many striking paralles between the ability of 
hydrogenase to produce hydrogen from pyruvate, leading to suggestion that 
a common carrier was required for electron transfer to the hydrogenase. 
Spinach ferredoxin, a one electron donor of redox – potential (E0 = – 432mV 
at pH 7.55) and it was the most electronegative electron carrier in cellular 
oxidation– reduction reactions (Tagawa and Arnon, 1962). Subsequent 
investigation showed that the nature factor which mediates electron flow 
from pyruvate to hydrogenase in Clostridium pasteurianum is an iron 
contaning protein termed ferredoxin (Mortenson et al., 1962). Ferredoxins 
are iron sulfur proteins that mediate electron transfer in the range of 
metabolic reactions (Otaka and Oai, 1989). In similar manner, many 
hydrogen – producing bacteria oxidized ferredoxin by hydrogenase reaction 
envolve large quantities of hydrogen gas. In addition to its role in biological 
hydrogen evolving reactions in which hydrogen gas or pyruvate serves as 
reductant of synthesis of cellular constituents (Valentine et al., 1963). 
 
The method by which ferredoxin was extracted simulate that of Uyeda 
and Rabinowitz (1971); Tagawa and Arnon (1962); Mortenson et al. (1962) 
and Buchanan et al. (1963). The bacterial ferredoxin from C. perfringens 
extracted by cold distilled water and purified through the DEAE-cellulose 
mini column at 4oC had a coffee colored band adhering to the top of the 
DEAE-cellulose. This might be due to the metal combined with protein (Fig. 
3.15) and yielded Amber (Golden) – colored extract, also the absorption 
spectrum of C. perfringens ferredoxin obtained in this study was similar to 
the results reported by Tagwa and Arnon (1962) and Uydea and Rabinowitz 
(1971). Marked similarities are pronunoced as the absorption peaks were  
around 270 to 320nm and a broad absotrbsion band was in region of 450nm 
(Fig. 3.16). However, the differences in the ultraviolet absorption spectra 
might be due to the source of ferredoxin or may reflect to the differences in 
chemical composition among the compounds; however, they may also be a 
reflection of partial degradation of the proteins due to their variable stability 
(Lovenberg et al., 1963). 
 
Bacterial ferredoxin from C. chauvoei strain (Kad1) could not be 
detected. The extract had no coffee band on the top of the DEAE-cellulose 
mini column and no detectable wavelength in the ultraviolet region (Fig. 
3.17). This might be due to the fact that the purification was done under 
aerobic conditions. Further research is waranted to study ferredoxin 
extracted from other clostridia. 
 
CONCLUSIONS 
 
1. The result of this study proves the potentially of using spinach 
ferredoxin as reducing agents for supporting the growth of anaerobes. 
2. The spinach ferredoxin extracted from fresh or frozen spinach leaves 
has equally a good ability to support the growth of anaerobes. 
3. Extracts of spinach leaves before purification by DEAE-cellulose 
were able to survive as reducing agents for six months at 4oC. 
4. Spinach ferredoxin purified through the diethyl amino ethyl (DEAE)-
cellulose column, prepared at 4oC and 15oC has:  
- Same a marked peak in ultraviolet region. 
- A good ability to support growth of anaerobic bacteria at the 
same ratio. 
5. Purified spinach ferredoxin extrated by potassium phosphate buffer 
from whole leaves  in 80%  ice - cold   acetone  water  has yielded a good 
quality of spinach ferredoxin. 
6. In this investigation spinach ferredoxin supplementation to the (RCA) 
and (RCM) in the place of cysteine hydrochloride, showed obvious increase 
in Clostridium perfringens and Clostridium chauvoei strains growth. The 
maximum growth was obtained at 1% of spinach ferredoxin added. 
7. The counts of some anaerobic bacterial strains tested on spinach 
ferredoxin showed good results compared to their control media. 
8. Eh proved a useful monitor for the study of the effect of spinach 
ferredoxin during the growth of anaerobic bacteria compared with cysteine 
hydrochloride. 
  
Recommendations  
 
According to the findings in this study the following 
recommendations need to be taken into account: 
1. Spinach ferredoxin can be sterilized, dried  and kept as powder 
for usage. 
2. Spinach ferredoxin can be used as natural reducing agent in 
bacterial fermenter to produce vaccines. 
3. For future work, trials for isolation and purification of 
ferredoxin from different available local plants. 
4. Spinach leaves could be frozen for one year to be used in 
summer season. 
5. Anaerobic conditions and a team of workers, that include 
bacteriologists, biochemists, are needed to study the effect of 
ferredoxin on media during the growth of anaerobic bacteria. 
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